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CHAPTER 1. INTRODUCTION 
Japan is the largest export market for U.S. beef products. Currently, 35 to 40 percent of 
the beef consumed in Japan is imported, 40 percent of which is of U.S. origin. However, 
Japanese consumers pay four to five times more for beef than do U.S. consumers because of trade 
barriers and Japanese government intervention. During past trade negotiations, the United States 
has demanded the removal of these trade barriers in an effort to gain greater access to Japan's 
beef market for U.S.-produced beef. The Japanese government, however, has historically 
rejected these demands and has allowed only small increases in the quota in an apparent attempt 
to minimize the opposition of the politically powerful domestic beef producers and to appease 
U.S. interests. 
In June 1988, however, as a result of pressure from the United States and Australia, the 
Japanese government signed a new beef import agreement, the Beef Market Access Agreement 
(BMAA), which calls for a phased reduction of Japan^s trade barriers on beef imports. The 
BMAA specifies a two-phase reduction of Japan's beef import barriers over six years. Japan has 
agreed to comply with the terms of the Uruguay Round of the General Agreement on Tariffs and 
Trade (GATT) Negotiations at the end of the six-year period. 
In April 1989, during the Mid-Term Review of the Uruguay Round of GATT 
Negotiations, a proposal to convert quantitative and other nontariff barriers to their tariff 
equivalents as a framework for reducing trade barriers was included in the agreed-upon long-
term measures. The tariffication proposal creates a common yardstick with which to measure 
and reduce the level of trade barriers. The GATT tariff reduction proposal converts trade 
barriers to their tariff equivalents in the first year and then reduces the tariff over a number of 
years, whereas the two-phased BMAA substantially increases the level imports allowed under of 
the quota for three years and then converts the quota to a tariff that is reduced for the next three 
years. 
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An analysis of the potential impacts of the transition from a quota to a tariff under the 
BMAA and the GATT tariff reduction proposal upon Japanese livestock producers will be 
beneficial to policy makers and negotiators as they assess future changes in trade policies that 
affect livestock production. However, for the analysis to fully reflect the dynamic nature and 
the biological restrictions of the livestock production process, a complete model of the Japanese 
livestock industry would need to incorporate simultaneous supply and demand determination. 
A review of studies relevant to the Japanese livestock industry is presented in the following 
section. Studies that are primarily descriptive are reviewed first, followed by econometric studies 
of the livestock sector. The research problems to be addressed are then presented. Finally, the 
objectives of the study are presented. 
Literature Review 
The economic structure and policy environment of the Japanese livestock industry is the 
topic of numerous books, monographs, and research reports. Many of these studies are primarily 
descriptive and are excellent sources for background material on the Japanese livestock industry 
and policies. 
Among these, Longworth (1983) is one of the most comprehensive on the Japanese beef 
industry. He presents an in-depth look at the Wagyu (native Japanese cattle) and dairy industries, 
including the government policies, the structure of the beef industry, and how that structure has 
changed from the early 1960s until the early 1980s. Longworth also makes predictions about 
levels of imports and prices; however, these predictions are based primarily upon his knowledge 
of Japan's beef industry. 
Coyle (1983) examines the structure of the beef, pork, egg, and broiler sectors as well as 
the fisheries industry and the feed-grains sector. Coyle presents data for the period from 1960 
to 1965, which is difficult to find elsewhere. Predictions about the future of the livestock 
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industries in Japan are made by Coyle; however, they are based upon assumed elasticities and 
growth rates. 
Seng (1984) examines the potential export opportunities provided by the Japanese beef 
market. Seng is intended as a reference for U.S. beef processors who are exploring the 
opportunities of marketing beef to Japan. However, Seng provides insight into the workings of 
the import quota system, including the Livestock Industry Promotion Corporation (LIPC), and 
the distribution system for Japanese beef. Seng analyzes the prospects for the growth of Japanese 
beef imports by using assumed elasticities and income growth rates. He does not differentiate 
between types or quality of beef in his analysis. 
Hillman and Rothenberg (1988) examine the roots of Japanese agricultural policies and the 
competitiveness of Japan's agricultural sector. Their study provides an insight into the political 
and economic background of Japanese agricultural policies and examines the potential direction 
of these policies in the future. The competitiveness of Japanese agriculture, including the level 
of protection, productivity, and land use, is examined. Japan's economic relationship with the 
United States and the rest of the world is examined, and potential directions for future trade 
negotiations are discussed. However, the impacts of the policy alternatives are not analyzed. 
The Australian Bureau of Agricultural and Resource Economics (ABARE, 1988) examines 
Japan's agricultural policies for industries ranging from the sweetener industry to the livestock 
industry. The goals, policy instruments, and effects of the policies since World War II are 
examined. The characteristics of agricultural industries in Japan, including the dairy, beef, and 
fisheries industries are discussed. Issues surrounding policy reform in Japan, including price 
stability, land reform, labor adjustment, and food security, are discussed and alternative solutions 
are proposed. However, the impacts of the alternatives are not examined in detail. 
Econometric studies of the Japanese livestock sector are primarily ad hoc demand 
estimations. Many of these studies are reviewed and compared in Dyck (1988). Dyck also 
updates and estimates several of the studies to examine changes in meat demand in Japan. He 
estimates the ad hoc demand systems by using several data sources and various combinations and 
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definitions of meats to replicate earlier studies. Because of the lack of theoretical foundations, 
the results are inconsistent with respect to the sign and magnitude of own-price elasticities. 
However, Dyck consistently reports complementarity, regardless of the data set or specification 
of the meat demand equation. 
Mori, Lin, and Gorman (1988) estimate Japanese meat demand by using monthly data for 
several types of meat, including imported beef. However, the specifications of the meat demand 
equations are ad hoc, and they attempt to estimate a separate demand equation for imported beef, 
whose price and quantity are fixed by the Japanese government. 
Liu (1985) examines the effects of reducing beef import restrictions in Japan by using a 
grain-oilseeds-livestock (GOL) model. The study examines the impacts of increasing the level 
of the import quota, completely removing the import quota, and lowering the ad valorem tariff 
on beef imports over the 1981 to 1990 period. The study estimates that beef imports in 1990 will 
increase by 18 percent for a small increase in the beef import quota, by 179 percent in the free 
trade scenario, and by 82 percent when the ad valorem tariff is increased. The demand analysis, 
however, is based upon coefficients and elasticities taken from other studies and analysis rather 
than estimates which are consistent with the structure of the model. 
Williams (1985) examines the impacts of beef trade liberalization upon the Wagyu, dairy, 
pork, and chicken sectors. Several beef producer deficiency payment schemes are examined in 
addition to a complete liberalization of the beef industry. However, Williams does not fully 
capture the dynamics of the livestock supply process, and he estimates an ad hoc meat demand 
specification. 
Corra, Dickenson, and Teal (1989) present a partial-equilibrium econometric model of the 
Japanese dairy beef sector. They examine the factors that have influenced the growth of the 
dairy industry since the 1960s. Slaughter and additions to the breeding herd are modeled as 
behavioral equations and inventories are modeled as identities. Perfect foresight price 
expectations are assumed. Input costs are found to have greater influence on production than 
has price. They simulate the model over the historical period to examine the stability of the 
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model. They hypothesize what the potential impacts of reducing the beef import quota may be, 
but they do not simulate the model into the future to quantify or test their hypotheses. 
Harris, Corra, and Shaw (1989) use a spatial equilibrium model, including supply and 
demand for beef and wool in 21 countries, for the 1989 to 1995 period. This study utilizes the 
results of a number of other studies originating at the Australian Bureau of Agricultural and 
Resource Economics, including Corra, Dickenson, and Teal (1989). This study projects the 
impacts of alternative policy scenarios for Japan, the United States, and South Korea. A free 
trade scenario is also examined. They present the policy simulation results in terms of consumer 
and producer surplus. They find that Japan has the largest net gain from removal of the Japanese 
beef import quota and from free trade in the Pacific Basin. The United States experiences a net 
loss from the removal of the Japanese beef import quota, from an expansion of Korean beef 
imports, and from free trade in the Pacific Basin. Australia gains most from the removal of U.S. 
import controls and from an expansion of beef imports by South Korea. 
Research Problems 
Japanese livestock policy studies generally recognize that supply and demand as well as 
prices are determined endogenously. However, ad hoc demand specifications are used in many 
of these studies because ad hoc demand equations are simple, easily estimated, and easily adjusted 
to meet the needs of the policy analyst. 
Demand analysis, however, has progressed to the point at which demand systems derived 
from utility-maximizing behavior, such as the Almost Ideal Demand System (AIDS), are as 
convenient to estimate and as familiar as the ad hoc demand equations used in the past. Japanese 
livestock policy models, nonetheless, have failed to incorporate the advancements made in 
estimation of demand systems because the more rigorous and precise specification of the 
functional form would, in at least some cases, result in counterintuitive results if included in 
livestock policy models. For example, in Japanese meat demand analysis, unexpected 
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complementarity is often found. If these demand systems are used for livestock policy analysis, 
however, the unexpected complementarity causes counterintuitive policy results that may be of 
little use to policy analysts. 
The level of aggregation in demand systems used in livestock models also presents problems. 
For example, including fish in the demand system of a livestock model highlights issues of 
commodity grouping and separability of groups of commodities. Issues of substitutability in 
demand system estimation, such as whether two types of beef are different or equivalent 
commodities and, as such, should be treated as distinct goods or combined and treated as 
perfectly substitutable goods, need to be examined. In addition to these problems, the data set 
used for estimation must first accept the underlying restrictions from consumer theory to produce 
theoretically consistent results. 
The complementarity problem, issues of separability, levels of substitutability, and 
estimation problems have discouraged incorporating advanced demand systems specifications into 
livestock policy models. These microeconomic and econometric issues require further analysis 
to allow advanced demand systems and the biological restrictions of the livestock supply process 
to be successfully utilized in a Japanese livestock policy model to evaluate alternate trade 
liberalization policies. 
An analysis of the policy alternatives presents policy modeling problems, such as, 
implementing the changeover from a quota to a tariff and the adjustment path of the tariff. 
An adjustment formula that buffers the transfer of world price volatility to domestic prices 
would achieve the goal of aligning domestic and world prices while allowing a smoother transition 
and partially protecting domestic producers from the variability of world price levels. These 
policy modeling problems, in addition to the microeconomic and econometric issues, will need 
to be examined to model dynamic adjustment under trade liberalization and to examine the likely 
impacts of the alternative policies upon Japanese livestock markets. 
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Objectives 
The objective of this study is to analyze the likely impacts of alternative Japanese livestock 
policies including the BMAA, the GATT tariff reduction proposal, and complete liberalization 
of Japanese beef import policies upon the Japanese livestock sector. In addition, the 
microeconomic and econometric considerations of incorporating a theoretical demand system and 
the biological restrictions of the livestock supply process into the Japanese livestock industry 
model will be examined. Specific objectives are as follows: 
1. Analyze the effects of trade liberalization upon the Japanese livestock industry. 
Examine alternative beef import policies, including the BMAA, the GATT tariff 
reduction proposal, and complete liberalization, to reduce Japanese trade restrictions 
on beef imports. 
2. Analyze methodological issues associated with livestock modeling for trade 
liberalization analysis, including microeconomic and econometric considerations. 
3. Develop and econometrically estimate the coefficients of a conceptual model of the 
Japanese livestock industry, including a) the biological relationships inherent to the 
live-animal production process and b) a meat demand system that allows the 
restrictions of demand theory to be imposed and tested. 
4. Simulate the impacts of alternative beef import policies by using the model. 
5. Draw general conclusions for modeling, policy, and trade liberalization in livestock 
markets. 
Summary 
This study examines the impact of trade liberalization upon the Japanese livestock industry 
by using an econometric model. Chapter 1 has presented the problem statement, a review of the 
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relevant literature, the research problems to be addressed, and the objectives of the study. 
Chapter 2 presents the economic structure and policy environment of the Japanese livestock 
industry. Chapter 3 presents the microeconomic and econometric considerations of livestock 
modeling and the conceptual model to be used in this study. Chapter 4 presents the estimation 
procedures, the results of analyzing the microeconomic and econometric considerations of 
livestock modeling, and the empirical estimates of the model. Chapter 5 presents the policy 
simulation results, and, finally. Chapter 6 summarizes the study, presents the methodology and 
policy conclusions, and presents suggestions for further research. 
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CHAPTER 2. THE JAPANESE LIVESTOCK INDUSTRY 
To understand current policies and to provide background information for the analysis of 
alternative policies, the economic structure of and policies that affect the Japanese livestock 
industry are presented in this chapter. Background information on the structure of Japan's 
livestock industry is presented in the first section. A description of Japanese livestock policy 
including details of the BMAA and the GATT tariff reduction proposal is then presented. 
Japanese Livestock Markets 
The Japanese livestock industry includes the cattle, the hog, and the chicken sectors. This 
section presents background information on the economic structure of each of these sectors as 
well as information on the supply and consumption of fish. 
The cattle sector 
The cattle sector includes Wagyu cattle (the native Japanese breed) and dairy cattle, which 
are primarily Holsteins of U.S. origin. The Wagyu industry currently consists of many producers 
raising less than 10 head each. In 1962, the total Wagyu herd numbered over 2 million head, but 
as mechanization occurred and replaced cattle as draft power, the size of the Wagyu herd dropped 
dramatically. The total Wagyu herd decreased from 2.3 million in 1962 to 1.5 million head by 
1965 and remained at about that level through 1970, despite government efforts to encourage 
beef production (Table 2.1). Wagyu inventories decreased sharply in 1971 and 1972, reaching a 
low of 1.37 million head, because of a sharp decline in profits caused by high feed costs. The 
Wagyu cattle herd has slowly increased since the early 1970s, reaching about 1.63 million head 
in 1986. 
The Wagyu breeding herd, consisting of female Wagyu cattle more than two years of age, 
was about 1.3 million head in 1962 (Table 2.1). The number of Wagyu cows and heifers then 
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Table 2.1. Wagyu cattle inventories, slaughter, average slaughter weight, beef supply, and 
disappearance (Japan, MAFF, Statistical Yearbook) 
Ending Inventories Adult Cattle Calf Wagyu Beef 
Breeding Feeder Ave. Ave. 
Year Total Herd Cattle Slghtr Wt. Slghtr Wt. Supply Disp.® 
1,000 mt/ 1,000 mt/ 
1,000 head head head head head 1,000 mt 
1962 2336.73 1309.20 1027.53 555.00 0.21 11.8 0.07 82.57 62.92 
1963 2207.58 1200.03 1007.55 681.00 0.21 29.7 0.07 116.14 89.19 
1964 1885.81 919.09 966.72 804.00 0.21 25.9 0.07 153.89 117.48 
1965 1568.40 733.40 835.00 687.57 0.23 13.6 0.07 148.24 112.57 
1966 1458.10 700.20 757.90 459.67 0.23 6.0 0.07 99.73 75.57 
1967 1445.61 715.20 730.41 373.04 0.27 5.1 0.07 93.35 70.71 
1968 1476.99 748.74 728.25 350.09 0.28 4.6 0.07 92.27 69.88 
1969 1549.31 794.40 754.91 454.42 0.28 5.1 0.07 121.88 92.25 
1970 1572.70 714.20 858.50 540.21 0.28 3.8 0.08 146.79 103.79 
1971 1454.10 613.40 840.70 544.49 0.29 2.7 0.10 155.44 109.88 
1972 1373.60 577.20 796.40 524.95 0.30 2.7 0.11 155.97 110.27 
1973 1373.90 594.60 779.30 318.17 0.32 2.6 0.11 99,37 70.32 
1974 1381.50 609.30 772.20 320.39 0.34 1.9 0.09 106.54 75.30 
1975 1426.80 644.70 782.10 406.12 0.32 2.3 0.10 129.18 88.78 
1976 1455.60 642.30 813.30 400.60 0.32 2.1 0.10 128.13 88.05 
1977 1464.40 631.70 832.70 439.86 0.34 1.8 0.09 147.23 101.12 
1978 1453.80 623.30 830.50 491.93 0.34 1.8 0.09 168.41 115.64 
1979 1510.75 627.95 882.80 432.52 0.35 1.5 0.09 149.30 102.51 
1980 1477.70 632.60 845.10 374.15 0.36 1.3 0.09 133.22 91.47 
1981 1556.40 642.70 913.70 368.76 0.36 1.5 0.09 133.59 91.73 
1982 1606.20 671.20 935.00 387.64 0.36 1.6 0.09 138.53 95.13 
1983 1658.00 678.00 980.00 445.12 0.35 2.3 0.08 156.96 107.80 
1984 1646.00 665.00 981.00 544.02 0.35 2.6 0.09 191.91 131.82 
1985 1661.70 632.00 1029.70 563.49 0.36 1.8 0.08 200.00 137.30 
1986 1627.00 618.00 1009.00 524.92 0.37 1.7 0.09 190.48 130.77 
^Disappearance. 
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decreased to about 700,000 head and has remained relatively stable since 196S, despite 
government efforts to increase production. The Wagyu feeder cattle inventory, consisting of 
Wagyu steers and heifers less than two years old, was about 1 million head in the early 1960s. 
Wagyu feeder cattle inventories declined until 1974 but have steadily increased since that time. 
Wagyu cattle are similar in type to the Angus cattle raised in the United States in the 1960s 
(Longworth, 1983). When fed for long periods—up to 28 months—Wagyu cattle produce a highly 
marbled carcass. The most highly marbled beef makes the Kobe, or supreme, grade, which sells 
at a substantial premium over the lower grades of beef—superior, excellent, medium, common, 
and utility. Only 1 to 2 percent of the carcasses grade supreme, however. About 5 to 10 percent 
grade superior, IS to 20 percent grade excellent, less than S percent grade utility, and the 
remainder grades equally as medium and common. 
Wagyu calves are placed on feed at about 10 to IS months of age. The feeding period 
increased from about 12 months in the early 1960s to 26 months in the early 1980s because 
producers were attempting to feed their cattle to make the highest grades. The feeding period 
has not continued to increase in recent years because the biological limits of the Wagyu cattle to 
produce marbled beef, given the current technology, apparently have been met (Simpson et al., 
1985). 
Wagyu cattle slaughter reached a high of about 800,000 head in 1964 and a low of 320,000 
head in 1973. The average Wagyu carcass slaughter weight was about 210 kg in 1960 and 
increased steadily to 363 kg by 1981. Since 1981, carcass weights have dropped slightly because 
of governmental efforts to decrease average slaughter weights to decrease production costs 
(Simpson et al., 198S). Wagyu calf slaughter has decreased steadily from a high of 29,700 head 
in the early 1960s to less than 2,000 head in 1986 because of both the decreased demand for veal 
and the greater profits available from feeding to adult slaughter weights. The average slaughter 
weight of calves increased until the early 1970s, reaching a high of 110 kg in 1972. Since 1974, 
the average slaughter weight of Wagyu calves has been about 90 kg. Wagyu beef supply and 
disappearance have followed the cyclical pattern of Wagyu production. 
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The factor used to convert beef supply to beef disappearance has decreased from 77 in 
the early 1960s to 70 in 1986 (Table 2.2). The conversion factors are from the Food Balance 
Sheet Tables published in Japan's Ministry of Agriculture, Forestry, and Fisheries (MAFF) 
Statistical Yearbook. By using thèse conversion factors, the supply and disappearance 
relationships shown in the Food Balance Sheet Tables can be replicated. 
The total Japanese dairy cattle herd was less than 1 million head in 1962 (Table 2.3). The 
herd size has steadily increased since 1962, reaching about 3 million head in 1986, as the 
profitability of producing milk has continued to rise. The profitability of milk production in 
Japan has meant that calves are simply a byproduct, contributing less than 10 percent of dairy 
producer revenues (BAE, 1985). Dairy calves are raised to feeder calf weights on specialized 
calf-rearing farms. The feeder calves are then sold to feedlots for fattening and are fed high-
concentrate rations for 12 to 14 months. The resulting carcasses are similar to U.S. choice beef 
carcasses. Some authors, including Miyazaki (1986) and Longworth (1983), have suggested that 
Japanese dairy beef is comparable to imported beef. Others, such as Mori (1986, p. 9), have 
contended that "beef is not beef in Japan," implying that Wagyu, dairy, and imported beef are 
distinctly different products. However, Green (1989) reports that U.S. beef sells for 
approximately the same price in Japan as that of Japanese dairy beef. 
Total dairy cattle slaughter and average slaughter weight have increased steadily since 1962. 
Total dairy calf slaughter decreased during the 1970s and 1980s, reaching about 27,000 head in 
1986. Average dairy calf slaughter weight increased from about 30 kg to about 60 kg during the 
same period. Total dairy beef supply increased from 57,630 mt in 1962 to 365,460 mt in 1986. 
The conversion ratio for dairy beef is the same as that used for Wagyu beef. Dairy beef 
disappearance increased from 47,340 mt in 1962 to 246,820 mt in 1986 (Table 2.3). 
The reported farm price of cattle (average price of all cattle prior to 1968, Wagyu steer 
price 1968 to 1986) has increased steadily since the 1960s, reaching 1,116 yen/kg in 1986 
(Table 2.4). Separate farm prices for Wagyu and dairy cattle are not available. The wholesale 
Wagyu beef price is about twice that of dairy beef. Retail prices for beef are available, but 
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Table 2.2. Wholesale to retail conversion ratios (Japan, MAFF, 
Statistical Yearbook) 
Year Beef Pork Chicken Fish 
1962 77.0 82.0 77.0 54.0 
1963 77.0 82.0 77.0 54.0 
1964 77.0 82.0 77.0 54.0 
1965 77.0 82.0 77.0 55.0 
1966 77.0 82.0 77.0 56.0 
1967 77.0 82.0 77.0 56.0 
1968 77.0 82.0 77.0 55.2 
1969 77.0 82.0 77.0 53.2 
1970 72.0 70.0 77.0 52.4 
1971 72.0 70.0 77.0 50.9 
1972 72.0 70.0 77.0 51.2 
1973 72.0 70.0 77.0 51.4 
1974 72.0 70.0 77.0 51.5 
1975 70.0 70.0 77.0 51.6 
1976 70.0 70.0 77.0 51.8 
1977 70.0 70.0 77.0 51.8 
1978 70.0 70.0 77.0 52.8 
1979 70.0 70.0 77.0 52.7 
1980 70.0 70.0 77.0 52.8 
1981 70.0 70.0 77.0 52.8 
1982 70.0 70.0 77.0 51.9 
1983 70.0 70.0 77.0 52.2 
1984 70.0 70.0 77.0 52.0 
1985 70.0 70.0 77.0 51.5 
1986 70.0 70.0 77.0 52.0 
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Table 2.3. Dairy cattle inventories, slaughter, and average slaughter weight, dairy calf slaughter 
and average weight, and dairy beef supply and disappearance (Japan, MAFF, 
Statistical Yearbook) 
Ending Inventories Adult Cattle Calf Dairy Beef 
Year Total 
Breeding 
Herd 
Feeder 
Cattle Slghtr 
Ave. 
Wt. Slghtr 
Ave. 
Wt. Supply Disap® 
1,000 head 
1,000 
head 
mt/ 
head 
1,000 
head 
mt/ 
head 1,000 mt 
1962 
1963 
1964 
1145.37 
1238.30 
1288.95 
729.17 
795.25 
859.40 
416.20 
443.05 
429.55 
102.00 
151.00 
198.00 
0.22 
0.22 
0.22 
175.6 
220.2 
258.0 
0.03 
0.03 
0.03 
57.53 
61.05 
60.51 
47.34 
51.12 
51.45 
1965 
1966 
1967 
1968 
1969 
1318.47 
1468.90 
1709.39 
1981.15 
2043.69 
884.81 
913.60 
967.50 
1097.67 
1198.00 
433.66 
555.30 
741.89 
883.48 
845.69 
228.32 
195.63 
229.24 
278.39 
375.84 
0.22 
0.22 
0.23 
0.26 
0.26 
239.0 
151.7 
145.3 
172.8 
318.2 
0.03 
0.03 
0.03 
0.03 
0.03 
60.46 
49.77 
60.45 
78.33 
104.81 
50.67 
38.49 
48.97 
63.57 
87.17 
1970 
1971 
1972 
1973 
1974 
2042.30 
2113.90 
2224.40 
2276.10 
2262.50 
1245.00 
1235.00 
1213.00 
1215.00 
1235.00 
797.30 
878.90 
1011.40 
1061.10 
1027.50 
445.80 
485.34 
561.89 
487.73 
667.91 
0.27 
0.27 
0.28 
0.29 
0.31 
308.7 
221.5 
121.1 
33.0 
169.1 
0.03 
0.03 
0.03 
0.04 
0.03 
122.70 
134.35 
157.52 
144.83 
208.95 
92.86 
98.56 
112.69 
96.36 
153.61 
1975 
1976 
1977 
1978 
1979 
2296.20 
2419.40 
2544.60 
2696.20 
2852.25 
1275.00 
1324.00 
1377.00 
1447.00 
1452.00 
1021.20 
1095.40 
1167.60 
1249.20 
1400.25 
736.97 
546.60 
666.72 
706.20 
753.41 
0.30 
0.30 
0.31 
0.33 
0.33 
124.8 
74.3 
89.5 
63.2 
41.2 
0.03 
0.03 
0.04 
0.04 
0.05 
219.71 
167.26 
210.66 
232.38 
250.29 
148.43 
121.12 
143.60 
162.33 
170.76 
1980 
1981 
1982 
1983 
1984 
2907.30 
2928.60 
2983.80 
3024.00 
3052.00 
1457.00 
1461.00 
1469.00 
1474.00 
1463.00 
1450.30 
1467.60 
1514.80 
1550.00 
1589.00 
812.89 
952.92 
967.67 
943.08 
948.97 
0.35 
0.35 
0.35 
0.35 
0.36 
42.9 
42.5 
41.5 
42.6 
41.0 
0.05 
0.05 
0.05 
0.05 
0.05 
282.57 
334.70 
336.66 
332.16 
337.94 
188.85 
226.12 
233.73 
233.20 
232.91 
1985 
1986 
3080.00 
3068.00 
1460.00 
1418.00 
1620.00 
1650.00 
972.15 
989.55 
0.36 
0.37 
37.1 
27.9 
0.06 
0.06 
347.30 
365.46 
240.12 
246.82 
^Disappearance. 
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Table 2.4. Farm price of cattle and wholesale and retail beef prices (yen/kg) (Japan, MAFF, 
Statistical Yearbook, Japan, MAFF, The Meat Statistics in Japan; Coyle (1983)) 
Wholesale Retail 
Year Farm Wagyu® Dairy** Beef Wagyu® Dairy® 
1962 203.00 342.00 702.00 739.44 
1963 202.00 345.00 - 748.00 745.92 -
1964 213.00 347.00 - 804.00 750.25 -
1965 279.00 510.00 410.00 854.00 1078.96 867.40 
1966 339.00 605.00 513.00 1050.00 1279.94 1085.30 
1967 388.00 762.00 553.00 1240.00 1612.09 1169.93 
1968 407.00 825.00 521.00 1420.00 1745.37 1102.23 
1969 393.00 813.00 489.00 1350.00 1719.98 1034.53 
1970 433.00 843.00 589.00 1370.00 1783.45 1246.09 
1971 466.00 860.00 635.00 1470.00 1819.42 1343.41 
1972 533.00 930.00 693.00 1510.00 1967.51 1466.11 
1973 811.00 1419.00 999.00 1980.00 3002.04 2113.48 
1974 749.00 1445.00 771.00 2450.00 3057.04 1631.13 
1975 866.00 1640.00 1166.00 2710.00 3469.58 2466.79 
1976 963.00 1986.00 1274.00 3160.00 4201.58 2695.27 
1977 953.00 2007.00 1188.00 3150.00 4246.01 2513.33 
1978 980.00 1938.00 1220.00 3090.00 4100.03 2581.03 
1979 1150.00 2056.00 1402.00 3150.00 4349.67 2966.07 
1980 1154.00 2161.00 1272.00 3390.00 4571.81 2691.04 
1981 1096.00 2142.00 1194.00 3360.00 4531.62 2526.03 
1982 1057.00 2155.00 1263.00 3420.00 4559.12 2672.00 
1983 1025.00 2166.00 1247.00 3510.00 4582.39 2638.15 
1984 1002.00 2143.00 1209.00 3570.00 4533.73 2557.76 
1985 1056.00 2158.00 1249.00 3510.00 4565.46 2642.38 
1986 1116.00 2180.00 1292.00 3530.00 4612.01 2733.36 
^Average steer carcass price. 
''Average carcass price of all dairy cattle, 1965 to 1967; average carcass price of dairy steers, 
1968 to 1986; consistent dairy carcass prices are unavailable for 1962 to 1964. 
^Retail prices of Wagyu and dairy beef are calculated as 2.1156 times the respective wholesale 
price. 
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Table 2.5. Hog inventories, slaughter, average slaughter weight, pork supply, 
and pork disappearance (Japan, MAFF, Statistical Yearbook) 
Ending Inventories Hog Pork 
Breeding Feeder Av. 
Year Total Herd Pigs Slghtr Wt. Supply Disap® 
1,000 mt/ 
1,000 head head head 1,000 mt 
1962 3296.0 2878.0 418.0 6244.5 0.052 324.18 260.51 
1963 3461.3 2996.0 465.3 5385.9 0.052 279.35 224.49 
1964 3976.0 3441.0 535.0 5700.3 0.052 298.05 239.52 
1965 5158.4 4460.7 697.6 6787.3 0.060 407.24 327.33 
1966 5975.0 5246.2 728.8 9409.3 0.060 564.55 453.69 
1967 5535.0 4884.0 651.0 10317.1 0.058 603.46 484.94 
1968 5429.1 4770.2 658.9 9541.6 0.062 589.57 482.21 
1969 6335.0 5518.7 816.3 9180.0 0.064 589.57 508.05 
1970 6904.0 6062.8 841.2 11479.4 0.064 734.29 515.49 
1971 6985.0 6132.3 852.7 12983.7 0.065 843.24 597.12 
1972 7490.0 6513.5 976.5 13045.2 0.068 885.30 653.92 
1973 8018.0 7009.0 1009.0 14023.4 0.069 970.52 752.03 
1974 7684.0 6773.0 911.0 15693.7 0.070 1097.92 781.94 
1975 7459.0 6498.0 961.0 14384.0 0.072 1039.64 798.61 
1976 8132.0 7104.0 1028.0 14279.3 0.074 1056.22 826.63 
1977 8780.0 7687.0 1093.0 16080.8 0.073 1169.46 876.41 
1978 9491.0 8323.0 1168.0 17447.6 0.074 1284.47 952.16 
1979 9997.5 8828.0 1169.5 19225.8 0.074 1429.92 1071.59 
1980 10065.0 8894.0 1171.0 19943.4 0.074 1474.99 1086.06 
1981 10040.0 8876.0 1164.0 18709.0 0.075 1395.84 1084.97 
1982 10273.0 9086.0 1187.0 19109.7 0.075 1427.61 1076.12 
1983 10243.0 9219.0 1024.0 19080.5 0.075 1428.81 1095.34 
1984 10718.0 9492.0 1226.0 19257.7 0.074 1424.18 1114.04 
1985 11061.0 9859.0 1202.0 20639.0 0.074 1531.72 1181.25 
1986 11354.0 10136.0 1218.0 20997.0 0.074 1545.19 1202.50 
^Disappearance 
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individual prices for Wagyu and dairy beef are not published. However, retail prices for Wagyu 
and dairy beef, which are consistent with the retail price of other meats, may be useful in 
allowing consistent estimation of demand functions. The retail Wagyu and dairy beef prices 
presented in Table 2.4 are calculated by multiplying the wholesale prices by 2.1156. The 
transformation coefficient is the mean of a series that is calculated by dividing total retail beef 
expenditures by the sum of wholesale Wagyu beef expenditures and wholesale dairy beef 
expenditures. This transformation attempts to maintain the equivalence of the sum of retail 
Wagyu and dairy beef expenditures to total retail beef expenditures. 
The hog, chicken, and fish sectors 
The total Japanese hog breeding herd inventory was about 3 million head in the early 1960s 
(Table 2.5). The breeding herd size increased steadily reaching 10 million head in 1986. 
Inventories of barrows and gilts increased steadily from 418,000 head in 1962 to about 
1.2 million head in 1986. The average annual birth rate reached a high of 19 pigs per sow in the 
late 1970s. Hog slaughter followed the increase in inventories, increasing from about 6 million 
head in the early 1960s to almost 21 million head in 1986. Pork supply and disappearance have 
increased steadily since the 1960s. 
Chicken meat supply increased from 120,000 mt in 1962 to about 1.4 million mt in 1986, 
over an eleven-fold increase (Table 2.6). The disappearance of chicken meat increased from 
930,000 mt in 1962 to almost 1.2 million mt in 1986. Fish supply in the early 1960s was about 
5 million mt and has increased steadily since that time. Fish disappearance increased about 2.8 
million mt in the early 1960s to over 4 million mt in the 1980s. 
The farm price of hogs and the wholesale price of pork doubled during the period between 
1962 and 1986, whereas the retail pork price increased almost three-fold (Table 2.7). The farm-
wholesale price margin increased 187 percent, whereas the wholesale-retail price margin increased 
over 300 percent during the same period. The price of pork relative to beef price declined by 
almost 50 percent over the 1962 to 1986 period. The farm price of chickens and the retail price 
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Table 2.6. Chicken meat and fish supply and disappearance (1,000 mt) (Japan, 
MAFF, Statistical Yearbook) 
Chicken Fish 
Year Supply Disappearance Supply Disappearance 
1962 120.73 93.82 5155.56 2784.00 
1963 141.91 110.33 5222.22 2820.00 
1964 176.00 136.81 4450.00 2403.00 
1965 204.33 158.82 5116.36 2814.00 
1966 240.01 187.08 5042.86 2824.00 
1967 291.95 226.45 5358.93 3001.00 
1968 328.25 259.86 5838.77 3223.00 
1969 400.10 316.99 5821.43 3097.00 
1970 490.07 377.26 6269.08 3285.00 
1971 539.96 427.55 6591.36 3355.00 
1972 622.22 491.12 6849.61 3507.00 
1973 684.62 535.24 6517.51 3350.00 
1974 724.70 564.42 7258.25 3738.00 
1975 739.87 572.09 7360.47 3798.00 
1976 824.31 649.17 7393.82 3830.00 
1977 903.09 715.27 7247.10 3754.00 
1978 1004.50 802.47 7479.17 3949.00 
1979 1091.70 875.94 7316.89 3856.00 
1980 1128.00 902.67 7433.71 3925.00 
1981 1125.10 923.17 7530.30 3976.00 
1982 1183.50 970.61 7441.23 3862.00 
1983 1266.50 1031.59 7473.18 3901.00 
1984 1352.60 1098.94 7882.69 4099.00 
1985 1413.40 1142.35 8054.37 4148.00 
1986 1405.56 1192.26 8121.15 4223.00 
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Table 2.7. Farm, wholesale, and retail price of pork and chicken meat, and wholesale and retial 
fish prices (yen/kg) (Japan, MAFF, The Meat Statistics in Japan; Japan, MAFF, 
Statistical Yearbook) 
Pork Chicken Fish 
Year Farm Wholesale Retail Farm Wholesale Retail Wholesale Retail 
1962 
1963 
1964 
167.00 
232.00 
214.00 
278.00 
389.00 
373.00 
569.00 
724.00 
753.00 
148.00 
158.00 
143.00 
242.00 
253.00 
254.00 
686.00 
718.00 
721.00 
108.00 
126.00 
142.54 
173.06 
208.88 
237.03 
1965 
1966 
1967 
1968 
1969 
216.00 
190.00 
217.00 
277.00 
286.00 
373.00 
325.00 
361.00 
438.00 
481.00 
745.00 
694.00 
714.00 
849.00 
960.00 
198.00 
186.00 
197.00 
206.00 
181.00 
253,00 
244.00 
243.00 
248.00 
234.00 
718.00 
724.00 
728.00 
744.00 
748.00 
164.84 
176.90 
197.50 
213.60 
245.91 
265.33 
279.17 
314.42 
354.81 
400.03 
1970 
1971 
1972 
1973 
1974 
237.00 
269.00 
285.00 
301.00 
382.00 
397.00 
431.00 
456.00 
493.00 
559.00 
909.00 
930.00 
992.00 
1120.00 
1240.00 
192.00 
199.00 
184.00 
231.00 
267.00 
234.00 
261.00 
236.00 
268.00 
310.00 
767.00 
712.00 
724.00 
801.00 
960.00 
290.83 
331.70 
363.03 
433.31 
510.80 
474.56 
549.46 
601.20 
689.91 
837.55 
1975 
1976 
1977 
1978 
1979 
501.00 
451.00 
458.00 
427.00 
373.00 
743.00 
747.00 
732.00 
691.00 
615.00 
1550.00 
1680.00 
1590.00 
1570.00 
1500.00 
291.00 
295.00 
283.00 
254.00 
240.00 
341.00 
353.00 
349.00 
298.00 
277.00 
1000.00 
1110.00 
1040.00 
1030.00 
993.00 
576.59 
645.91 
757.85 
748.81 
804.88 
951.06 
1069.94 
1203.90 
1253.94 
1314.43 
1980 
1981 
1982 
1983 
1984 
417.00 
417.00 
450.78 
439.93 
431.80 
627.00 
690.00 
695.00 
712.00 
704.00 
1450.00 
1530.00 
1570.00 
1630.00 
1640.00 
261.00 
275.00 
262.00 
258.00 
252.00 
299.00 
324.00 
305.00 
295.00 
290.00 
1140.00 
1200.00 
1180.00 
1190.00 
1170.00 
797.22 
842.25 
891.80 
836.09 
838.56 
1380.71 
1444.95 
1533.79 
1492.72 
1486.22 
1985 
1986 
361.90 
341.70 
600.00 
549.00 
1540.00 
1500.00 
232.00 
214.60 
264.00 
248.00 
1150.00 
1110.00 
837.77 
831.07 
1531.03 
1599.54 
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of chicken meat almost doubled over the period, but the wholesale price of chicken meat 
remained relatively constant. The farm-wholesale price margin decreased by 64 percent over the 
period, and the wholesale-retail price margin increased by 130 percent over the period. The price 
of chicken meat relative to beef price has declined by over 60 percent during the 1962 to 1986 
period. The relative price of chicken meat to pork price has declined by 40 percent over the 
same period. The wholesale price of fish, which is the combination of fresh fish and shellfish, 
and salted dried fish, increased by almost 700 percent. The retail price of fish increased more 
than 800 percent during the 1962 to 1986 period. The wholesale-retail fish price margin 
increased by over 1,000 percent during the same period. The relative price of fish has remained 
stable over the historical period. These changes in the price margins may be because of a general 
increase in costs such as labor or the increased costs associated with the antiquated Japanese meat 
distribution system in which meat is delivered daily to small retail meat shops from small 
wholesale distributors who purchase the meat from larger distributors. 
Meat disappearance and expenditures 
The average per capita disappearance of Wagyu beef, retail basis, in 1962 was 0.65 kg 
(Table 2.8). The average annual per capita disappearance rate follows the pattern of Wagyu beef 
supply. The average annual per capita disappearance of import-quality beef (dairy beef and 
imported beef combined) increased steadily from 0.53 kg in 1962 to more than 3 kg in 1986 as 
the dairy beef supply and the quota of imported beef have increased. Average annual 
disappearance of beef increased steadily to about 4 kg per capita in 1986. This level of beef 
disappearance is far below that of other industrialized countries, such as the United States, where 
average annual beef disappearance is over 36 kg per capita. The Japanese average annual 
disappearance of pork and chicken meat increased to about 10 kg per capita in 1986. Average 
annual fish disappearance increased during the 1960s and early 1970s to about 33 kg per capita 
and then leveled off. 
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Table 2.8. Average annual per capita disappearance of beef, pork, chicken meat, 
and fish (kg) 
Year Wagyu 
Beef 
IQ 
Beef* 
Total 
Beef 
Pork Chicken 
Meat 
Fish Total 
Meat 
1962 0.657 0.532 1.188 2.718 0.979 29.051 33.937 
1963 0.921 0.565 1.486 2.319 1.140 29.129 34.074 
1964 1.201 0.574 1.775 2.448 1.398 24.563 30.184 
1965 1.138 . 0.595 1.733 3.310 1.606 28.459 35.109 
1966 0.757 0.488 1.245 4.546 1.875 28.299 35.966 
1967 0.701 0.589 1.290 4.809 2.246 29.763 38.108 
1968 0.685 0.723 1.409 4.730 2.549 31.614 40.301 
1969 0.894 0.981 1.875 4.925 3.073 30.021 39.894 
1970 0.995 1.047 2.042 4.941 3.616 31.487 42.086 
1971 1.040 1.210 2.250 5.650 4.045 31.744 43.688 
1972 1.029 1.431 2.459 6.101 4.582 32.718 45.859 
1973 0.647 1.712 2.359 6.918 4.924 30.819 45.020 
1974 0.684 1.738 2.421 7.098 5.124 33.932 48.576 
1975 0.796 1.607 2.402 7.159 5.128 34.044 48.734 
1976 0.781 1.647 2.428 7.331 5.757 33.966 49.482 
1977 0.888 1.771 2.659 7.697 6.282 32.970 49.608 
1978 1.006 2.015 3.021 8.287 6.984 34.369 52.661 
1979 0.885 2.254 3.139 9.248 7.560 33.279 53.225 
1980 0.783 2.345 3.129 9.301 7.730 33.613 53.773 
1981 0.780 2.643 3.423 9.222 7.847 33.795 54.287 
1982 0.803 2.684 3.487 9.086 8.195 32.607 53.375 
1983 0.897 2.727 3.624 9.110 8.580 32.446 53.761 
1984 1.089 2.751 3.840 9.204 9.079 33.865 55.987 
1985 1.132 2.830 3.962 9.735 9.414 34.185 57.296 
1986 1.077 3.044 4.120 9.900 9.816 34.768 58.604 
^IQ beef is import-quality beef, the combination of Japanese dairy beef and 
imported beef. 
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Average annual per capita meat expenditures increased substantially over the 1962 to 1985 
period (Table 2.9). Wagyu beef, pork, and fish expenditure shares have remained relatively 
constant, whereas import-quality beef and chicken meat shares have increased (Table 2.10). 
Japanese Livestock Policy 
The evolution of Japan's political economy following World War II has been the primary 
motivating force behind the generally protectionist Japanese agricultural policies. In 1960, 15 
percent of Japan's gross national product (GNP) was produced by the 25 percent of the 
population employed in agriculture. By 1985, agricultural production accounted for less than 4 
percent of the GNP, and less than 5 percent of the population was employed in agriculture. The 
exodus of labor out of agriculture was primarily the result of both technological advances that 
required less on-farm labor and increasing opportunities in the industrial sector of the economy. 
Concerns about food security have given agricultural producers a tremendous influence 
upon Japan's food policies (Longworth, 1983). Rural heritages, the electoral system, and the 
Japanese agricultural cooperatives movement have reinforced the political base of farmers. 
Immediately following the end of World War II, the majority of the population lived and worked 
on small farms. As Japan's economy recovered and grew, however, the population began to shift 
toward urban centers. The post-World War II government failed to provide a reapportionment 
of representation in the Diet (the Japanese Congress) as the population migrated to the cities. 
Consequently, the political influence of the rural districts increased disproportionantly, which 
fostered legislation designed to protect the interests of farmers and agriculturally related 
industries. 
The agricultural cooperatives movement began in the late 1800s when the government 
encouraged agricultural associations to promote rural development. In the post-World War II 
period, these associations were combined into cooperatives through which the government could 
control the food production and distribution processes (Longworth, 1983). The cooperatives 
Table 2,9. Average annual meat expenditures (1,000 yen) 
Wagyu IQ» Chicken Total 
Year Beef Beef Pork Meat Fish Meat 
1965 1.155 0.569 2.466 1.153 7.551 12.895 
1966 0.949 0.543 3.155 1.357 7.900 13.905 
1967 1.127 0.684 3.434 1.635 9.358 16.238 
1968 1.202 0.790 4.015 1.896 11.216 19.119 
1969 1.527 1.018 4.727 2.298 12.008 21.579 
1970 1.748 1.320 4.491 2.773 14.941 25.273 
1971 1.859 1.645 5.254 2.880 17.440 29.078 
1972 1.998 2.113 6.052 3.317 19.670 33.150 
1973 1.939 3.618 7.748 3.944 21.260 38.509 
1974 2.088 2.834 8.802 4.919 28.420 47.062 
1975 2.754 3.966 11.095 5.128 32.375 55.318 
1976 3.274 4.443 12.315 6.390 36.338 62.760 
1977 3.761 4.455 12.239 6.533 39.693 66.681 
1978 4.116 5.207 13.010 7.194 43.097 72.624 
1979 3.842 6.689 13.872 7.507 43.743 75.653 
1980 3.577 6.313 13.485 8.812 46.406 78.594 
1981 3.530 6.677 14.110 9.416 48.832 82.566 
1982 3.658 7.229 14.264 9.670 50.008 84.829 
1983 4.101 7.252 14.849 10.005 48.431 84.638 
1984 4.922 7.098 15.093 10.340 50.328 87.781 
1985 5.168 7.552 14.991 10.480 52.336 90.528 
1986 4.965 8.319 14.850 10.895 55.612 94.642 
^IQ beef is import-quality beef, the combination of Japanese dairy beef and imported beef. 
Table 2.10. Meat expenditure shares 
Wagyu IQ» Chicken 
Year Beef Beef Pork Meat Fish 
1965 0.090 • 0.044 0.191 0.089 0.586 
1966 0.068 0.039 0.227 0.098 0.568 
1967 0.069 0.042 0.211 0.101 0.576 
1968 0.063 0.041 0.210 0.099 0.587 
1969 0.071 0.047 0.219 0.107 0.556 
1970 0.069 0.052 0.178 0.110 0.591 
1971 0.064 0.057 0.181 0.099 0.600 
1972 0.060 0.064 0.183 0.100 0.593 
1973 0.050 0.094 0.201 0.102 0.552 
1974 0.044 0.060 0.187 0.105 0.604 
1975 0.050 0.072 0.201 0.093 0.585 
1976 0.052 0.071 0.196 0.102 0.579 
1977 0.056 0.067 0.184 0.098 0.595 
1978 0.057 0.072 0.179 0.099 0.593 
1979 0.051 0.088 0.183 0.099 0.578 
1980 0.046 0.080 0.172 0.112 0.590 
1981 0.043 0.081 0.171 0.114 0.591 
1982 0.043 0.085 0.168 0.114 0.590 
1983 0.048 0.086 0.175 0.118 0.572 
1984 0.056 0.081 0.172 0.118 0.573 
1985 0.057 0.083 0.166 0.116 0.578 
1986 0.052 0.088 0.157 0.115 0.588 
^IQ beef is import-quality beef, the combination of Japanese dairy beef 
and imported beef. 
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became well organized both at the prefecture level and at the national level. At the national 
level, cooperative lobbying efforts were started to support the interests of farmer members and 
to increase support for the business interests of the national cooperatives. The resulting political 
influence further reinforces Japan's food security policies. 
The livestock industry in Japan has one of the highest levels of protection in the world. 
The beef industry is supported by an import quota on beef, an import tariff on beef, a wholesale 
beef price stabilization scheme, and a calf price deficiency scheme. The dairy industry is 
protected by milk price supports. The pork industry is protected from world competition by a 
variable import levy. The chicken industry is relatively unprotected but benefits from grain 
import policies and from the substitution effects of the other policies. 
The beef import quota system, established in 1964, was an entirely private quota, measured 
in value terms, until 1965. The Livestock Industry Promotion Corporation (LIPC), created by the 
1961 Price Stabilization Law for Livestock Products, was allocated a portion of the import quota. 
The LIPC portion of the quota has grown continuously since 1964. Special quotas exist for the 
hotel trade, Okinawa, school lunch programs, and cooked beef. Beef offals (variety meats plus 
diaphragm meat) have not been subject to import restrictions. From 1965 until 1975, the LIPC 
was only empowered to stop the sale of imported beef to manipulate domestic beef prices. In 
1975, however, the LIPC was empowered to buy and sell imported beef to enhance price 
stabilization efforts. 
The beef price stabilization program consists of a ceiling and a floor price, which are 
determined according to a formula based upon past profitability of cattle production. Price bands 
exist for both medium-grade Wagyu and dairy beef. The LIPC sells beef from stocks when prices 
rise above the price ceiling and buys beef when prices fall below the price floor. The stocks of 
beef held by the LIPC are generally imported frozen beef, although the LIPC has authority to 
purchase domestic beef, if necessary, to stabilize prices. The intent of the program is to stabilize 
Wagyu and dairy beef prices within a predetermined band. In practice, however, the program 
acts as a price support (Longworth, 1983). The prices of both Wagyu and dairy beef have 
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remained near their respective ceiling prices. The Wagyu beef support price is first determined 
as a function of seven years of farm gate prices and costs. The stabilization band is then 
calculated as the support price plus and minus one standard deviation (Longworth, 1983, pp. 177-
78). The dairy beef stabilization band is then calculated as a percentage of the Wagyu 
stabilization band. The beef import quota is the primary adjustment tool to maintain prices 
within their respective stabilization bands. 
The annual level of beef imports has increased from less than 5,000 mt in 1962 to 179,100 
mt in 1986 (Table 2.11). In 1962, beef imports were less than 4 percent of beef supply. By 
1986, however, beef imports accounted for almost 25 percent of beef supply. The U.S. share of 
the quota increased slowly until 1979. In 1979, a high-quality beef (HQB) category of the quota 
was established in response to pressure from the United States. The majority of the beef 
imported under this new category was subsequently supplied by the United States. The HQB 
category of the quota increased at a much faster rate than did other categories through June 1988, 
when the current beef agreement was negotiated and the HQB category was discontinued. 
The Beef Market Access Agreement 
In June 1988, the United States and Japan signed the BMAA. The Japanese agreed to begin 
a phased reduction of their beef import restrictions. During the first phase of the agreement, the 
transition phase, the import quota will increase by 60,000 mt per year for three years, beginning 
in 1988. In the post-transition phase, beginning in 1991, the quota will be removed but will be 
replaced by a 70 percent tariff. The tariff will be reduced to 60 percent in 1992 and to SO 
percent in 1993 (Table 2.12). 
The beef import quota has two major categories: the general quota (91 percent) and the 
special quota (9 percent). The general quota is allocated to private companies (10 percent) and 
to the LIPC (90 percent). The LIPC portion of the quota is allocated to importers through the 
simultaneous buy/sell (SES) system and the tender system. The SBS system allows importers to 
import beef directly from exporters. As shown in Table 2.12, the SBS portion of the quota has 
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Table 2.11. Beef imports and unit values (U.V.s) (Yen/kg) (Japan, MAFF, Statistical Yearbook) 
Total United States Australia New Zealand 
Year Imports U. V. Imports U. V. Imports U. V. Imports U. V. 
1962 4.76 190.35 0.03 288.00 2.80 187.34 1.75 171.75 
1963 4.69 181.42 0.00 0.00 3.39 173.63 1.13 174.90 
1964 6.20 212.98 0.00 360.00 5.24 211.47 0.80 194.57 
1965 10.81 230.23 0.01 720.00 7.77 219.96 2.57 225.33 
1966 13.49 281.68 0.04 370.00 9.35 273.75 3.29 241.38 
1967 13.79 354.33 0.01 1620.00 9.94 318.67 2.39 315.92 
1968 13.50 349.55 0.04 1554.15 10.03 326.30 2.30 295.14 
1969 18.62 304.91 0.10 1410.31 15.06 292.74 3.08 302.86 
1970 23.23 345.51 0.36 1355.47 20.12 323.24 2.51 361.58 
1971 41.57 389.71 0.51 1139.49 36.96 384.59 4.00 316.77 
1972 57.62 424.30 0.65 984.01 52.71 412.87 3.87 388.38 
1973 127.22 629.63 9.53 944.88 107.27 608.63 9.46 558.69 
1974 53.60 734.06 7.71 974.86 42.37 694.37 2.93 711.26 
1975 44.92 497.97 3.55 1324.52 37.11 414.85 3.51 525.57 
1976 94.23 531.15 11.86 1013.60 77.03 453.50 4.64 570.17 
1977 84.55 435.90 7.33 798.62 72.05 386.65 3.90 615.73 
1978 100.86 461.63 13.03 761.72 78.17 411.77 7.80 448.68 
1979 131.79 683.95 24.67 885.11 101.27 631:75 3.51 731.19 
1980 123.95 810.70 23.67 1052.94 93.61 746.33 3.99 953.05 
1981 123.65 719.97 27.54 913.28 87.07 653.24 6.15 815.85 
1982 122.69 799.25 32.08 1071.05 86.10 694.44 3.64 880.19 
1983 138.05 769.23 38.15 908.10 91.12 711.76 7.74 794.16 
1984 145.79 742.71 42.28 858.55 92.03 692.80 7.58 724.08 
1985 150.58 735.75 46.51 920.10 92.93 633.70 6.95 766.96 
1986 179.10 521.27 63.39 634.60 105.17 449.60 6.04 540.52 
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been relatively small (10 percent) in comparison to the tender portion (90 percent) of the LIPC 
quota. During the transition phase, the S6S portion of the quota is divided among those 
participants who had been importing under the SBS system and the participants in two new 
categories: any importer and any end user. The addition of the new categories will allow access 
for new Japanese importers and end users to world beef markets, without the restrictions and 
bureaucracy of the LIPC or of the trading companies. The majority of the increases in the global 
quota during the transition phase occur in the new importer and end user subcategories of the SBS 
portion of the LIPC quota. 
The LIPC tender portion has been the major portion of the LIPC's quota and was designed 
to allow the LIPC to dictate the quality and origin of beef imports. The LIPC tenders import 
licenses for specific grades of specific beef cuts from specific markets. Licensed trading 
companies then purchase the beef from exporters in those specific markets. The LIPC tender 
category decreases over the transition phase. In 1990, the LIPC involvement in beef imports 
will be phased out. 
Throughout the BMAA negotiations with Japan, U.S. policy makers have implicitly 
assumed that an elimination of the quota will lead to increased imports of U.S. beef. There is no 
guarantee, however, that imports will increase during the transition period or, at least, will 
increase enough to hit the higher quota levels. During the post-transition period, the behavior 
of imports will depend upon the price effects of the import tariff and the relative responsiveness 
of the domestic demand for and supply of meat. 
Although elimination of beef import restrictions could be expected to put pressure on the 
domestic Japanese cattle industry, as well as on the domestic hog, poultry, and fish industries, 
the extent of the impact depends crucially upon the degree to which imports increase, the 
response of cattle producers to the expected price effects, the changes in government support 
prices, and the degree of substitutability among meats (including fish) in Japanese disappearance. 
Under the BMAA, if the annual increases in the quota during the transition period are large 
enough in comparison to the annual growth in Japanese beef demand over that period, imports 
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Table 2.12 Japanese beef import quota levels under the BMAA 
Transition Phase Post-Transition Phase 
Quota® 1987 1988 1989 1990 1991 1992 1993 
A. Global 214,000 274,000 334,000 394,000 472,000 667,360 680,832 
B. Special 20,000 25,000 27,000 30,000 0 0 0 
C. General 194,000 249,000 307,000 364,000 0 0 0 
D. Private 19,000 24,000 30,7000 36,400 0 0 0 
E. LIPC 174,600 224,100 276,300 327,000 0 0 0 
F. Tender 157,140 156,870 151,965 131,040 0 0 0 
G. SBS 17,460 67,230 124,335 196,560 0 0 0 
H. Parti­ 17,460 22,410 27,630 32,760 0 0 0 
cipants 
I. Any 0 22,410 48,353 81,900 0 0 0 
Importer 
J. Any End- 0 22,410 48,353 81,900 0 0 0 
User 
Tariff (percent) 0.25 0.25 0.25 0.25 0.70 0.60 0.50 
® B  +  C = » A ; D  +  E  =  C ; F  +  G = > E ; H  +  I  +  J = > G .  
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might not increase to the higher quota levels and prices in Japan would fall toward world market 
levels. Even if imports reach the quota level during that time, it is possible that beef imports 
could decline during the post-transition period of the BMAA when the quota is dismantled and 
the import tariff is implemented. On the one hand if the tariff to be implemented is greater than 
the tariff equivalent of the quota (i.e., the percentage difference between the internal and the 
world prices of import-quality beef), then imports will decline when the tariff is imposed. On 
the other hand, if the tariff is less than the tariff equivalent of the quota, imports will increase. 
Thus, whether Japanese beef imports will increase or decrease in 1991 from the quota level at the 
end of the first three years of the BMAA depends largely upon the tariff equivalent of the quota 
in 1990; i.e., the divergence of the internal and world prices of beef in that year. If the internal 
price is more than 70 percent above the world price of beef in 1990, then Japanese beef imports 
will increase in 1991. Otherwise, the imposition of the 70 percent tariff in 1991 could actually 
lead to a decline in imports. 
The GATT tariff reduction proposal 
Tariffication, the conversion of quantitative and nontariff barriers into their tariff 
equivalents, was included in the long-term objectives that were agreed upon by negotiators at the 
Mid-Term Review of the Uruguay Round of the GATT negotiations. Converting trade barriers 
into their tariff equivalents creates a common measure useful in analyzing alternative trade 
liberalization policies. 
Although the objective of agricultural trade liberalization talks is to reduce the tariff 
equivalent of trade barriers over a specified number of years, how that goal would be 
accomplished is not clear. The adjustment path chosen is crucial both for modeling purposes and 
political reasons. Proposals that require most of the adjustment to occur in the years immediately 
following the agreement, as has been the case in previous GATT negotiations, may well imply 
politically unacceptable adjustment costs. At the same time, agreements that delay the brunt of 
the adjustment until the latter years of the agreement would be wasteful to the extent that 
31 
overproduction would continue. In addition, these latter agreements could break down when the 
time to make the adjustments finally arrives. Alternative adjustment paths will be examined in 
Chapter 5. 
Summary 
This chapter has presented the economic and political structure of the Japanese livestock 
industry. The Wagyu breeding herd has remained relatively constant over the historical period, 
despite government efforts to increase output. The dairy cattle breeding herd, however, has 
steadily increased since the early 1960s. The average retail price of beef (representing all beef) 
has increased relative to pork and chicken meat prices. Fish prices have remained constant 
relative to beef price. Per capita consumption of Wagyu beef has remained at about 1 kg over 
the historical period whereas import-quality beef consumption has increased from less than 1 kg 
per capita to over 4 kg over the historical period. Per capita pork and chicken meat consumption 
have both increased from about 1 kg in 1962 to almost 10 kg each in 1986. Fish consumption has 
remained relatively constant at about 30 to 35 kg per capita over the historical period. The details 
of the BMAA and the GATT tariff reduction proposal were also presented in this chapter. 
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CHAPTER 3. METHODOLOGICAL ISSUES AND CONCEPTUAL MODEL 
In this chapter the methodological issues associated with modeling livestock markets will 
be examined and a conceptual model of the Japanese livestock industry will be developed. The 
methodological issues include the microeconomic and econometric considerations associated with 
demand system estimation and trade liberalization. The microeconomic and econometric 
considerations of livestock modeling, including the demand system to be used, are presented first. 
Methodologies with which to examine the microeconomic and econometric problems are also 
Developed and presented. The supply system is then developed. Finally, the conceptual model 
is presented. 
Microeconomic and Econometric Considerations 
Demand systems derived by using utility theory have been the topic of much discussion (for 
example, Deaton and Muellbauer, 1980b; Johnson, Hassan, and Green, 1984; Phlips, 1983). 
Estimation of supply systems that incorporate the biological restrictions of the dynamic livestock 
production process has also been the topic of recent literature (see Chavas and Johnson, 1982; 
Holt and Johnson, 1988). However, the methodology of combining a meat demand system 
derived from utility theory with a dynamic livestock supply system that incorporates biological 
restrictions has not been explored. 
The microeconomic and econometric considerations of combining a theoretically sound 
meat demand system with a dynamic livestock supply system are the focus of this section. First, 
the theoretical properties of demand systems are reviewed. Then the foundations of the Almost 
Ideal Demand System (AIDS) are presented. Next, tests for separability, perfect substitutability, 
net substitutability, and endogeneity are developed to examine several hypothèses concerning the 
Japanese meat demand system. The supply system including biological restrictions of the 
livestock production process and producer price responsiveness is then examined. 
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Demand systems 
Marshallian demand functions derived from utility maximization and Hicksian or 
compensated demand functions derived from cost minimization satisfy the properties of adding 
up, homogeneity, symmetry, and negativity. The property of adding up implies that the sum of 
expenditures on different goods must equal total expenditures in both the Marshallian and 
Hicksian demands, as demonstrated by the following equation: 
(3.1) E p;h;(u,p) = E pigi(x,p) = X, 
where P| = price of i, 
h^ = Hicksian demand for i, 
gi = Marshallian demand for i, 
u = utility, and 
X = total expenditure. 
Total expenditure, x, equals the minimum cost of attaining u, x = C(u,p), given the price for 
each of the meats. 
Homogeneity of degree 0 in prices for Hicksian demands implies that, for any positive 
constant, 6 > 0, changing all the prices by 6 will not affect the quantities demanded. 
Homogeneity of degree 0 in prices and total expenditures for Marshallian demands implies that, 
for any positive constant, 6 > 0, changing prices and expenditures by 6 will not affect the 
quantities demanded. In other words. 
(3.2) h;(u,ep) = h;(u,p) = gi(0x,©p) = gi(x,p). 
Symmetry of the cross-price derivatives of the Hicksian demands is implied by Young's theorem: 
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(3.3) ôhi(u,p)/apj = ôhj(u,p)/3pi, V i j. 
The Slutsky matrix (S) of elements dhj/dpj = Sy is negative semidefinite, which implies that the 
own-price derivatives will be negative, s^ < 0 (Deaton and Muellbauer, 1980b, p. 44). 
A system of well-behaved demand equations should satisfy the theoretical properties of 
adding up, homogeneity, symmetry, and negativity. Unfortunately, theory does not provide 
much information about the true form of the demand functions. The search for the true 
functional form has included many ad hoc specifications, as well as specifications that 
approximate the true form, by allowing some of the theoretical properties to be tested. 
The Almost Ideal Demand System 
Deaton and Muellbauer (1980a) combine the best properties of the translog and Rotterdam 
models into the Almost Ideal Demand System (AIDS). They argue that the AIDS provides an 
arbitrary first-order approximation to any demand system. They also argue that the system 
satisfies the axioms of choice exactly, aggregates perfectly over consumers, and can be used to 
test the restrictions of homogeneity and Slutsky symmetry. 
The AIDS is derived by specifying an expenditure function representing the PIGLOG^ 
class of preferences, which Muellbauer (1975,1976) has shown to permit perfect aggregation over 
consumers. This PIGLOG class of preferences leads to following the cost function: 
(3.4) log c(u,P) = (1 - u) log a(P) + u log b(P), 
where the positive, linearly homogenous functions a(P) and b(P) may be regarded as the costs of 
subsistence and bliss, respectively. The functional forms for a(P) and b(P) are chosen such that 
the first and second derivatives of the cost function can be set equal to those of an arbitrary 
^PIGLOG is a special form of the price independent, generalized linearity (PIGL) class of 
preferences. 
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cost function, thus satisfying the necessary condition for flexibility of functional form. These 
forms may be written as: 
(3.5) log a(P) = a<, + E log + 1/2 S Ety log p^ log Pj 
and 
(3.6) log b(P) - log a(P) + n Pf • 
Shepherd's lemma is used to derive an expression relating budget shares to prices, p, and utility, 
u. The cost function is then solved for u, and the resulting term is substituted for u in the 
expenditure share equation. This later substitution results in an expression relating budget shares, 
w, to prices such that 
(3.7) Wj - ai + E 7y log pj + log (X/P), 
where P is a price index defined by: 
(3.8) log P = «0 + Ea^ log Pj + 1/2 Ely log p^ log pj. 
Equation (3.8) is normally replaced with Stone's Price Index to allow for linear estimations such 
that 
(3.9) log P = EWj log Pj. 
The specifications for the terms a(P) and b(P) in (3.4) are the bases of the AIDS. The 
second term in (3.6) was chosen such that the model would lead to the Engel curves developed 
by Working and Leser (Chalfant, 1987). The a(P) term is a second-order Taylor-series 
approximation of the true function that was chosen to provide enough parameters such that, at 
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any point, the derivatives of the cost function can be set equal to those of an arbitrary cost 
function. 
Homogeneity, Slutsky symmetry, and adding up can be imposed on this system by 
restricting the parameters of the system such that the following relationships hold: 
(3.10) Ely = 0, j 
(3.11) l|j - ?ji, and 
(3.12) Stt} s 1; S7jj = 0; and = 0. 
Provided that (3.10), (3.11), and (3.12) hold, the estimated demand functions are homogeneous 
of degree 0 in prices and income taken together (3,10), satisfy Slutsky symmetry (3.11), and add 
up to the total expenditure (3.12) (Deaton and Muellbauer, 1980a, p. 314). 
Both Marshallian and Hicksian measures of elasticities can be computed from the estimated 
parameters of the linear approximation of the AIDS (LA/AIDS) model as follows: 
(3.13) = -1 + %/W; -
(3.14) Éjj-VW|-/3i(Wj/W,), 
(3.15) = -1 + Tu/Wi + W., and 
(3.16) «y-Ty/Wi + Wj, 
where e denotes Marshallian elasticities and S denotes the income-compensated or Hicksian 
measure. Expenditure elasticities can be obtained as well such that 
(3.17) i7i o 1 + . 
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The standard errors of the LA/AIDS elasticities can be calculated by substituting the relevant 
standard errors for i and p in (3.13) through (3.17), assuming that the share is fixed 
(Chalfant, 1987). 
The LA/AIDS can be incorporated into the Japanese livestock model. There are, however, 
several issues associated with demand system estimation in livestock models to be addressed. The 
first issue is determining whether a particular meat, such as fish, is separable from the other 
meats and thus, can be excluded from the estimation of the demand system. The solution to the 
separability problem may indicate which meats can be grouped together in the consumer's 
budgeting problem. The second issue is measuring the extent of substitutability between meats 
to determine whether, for example, Wagyu and dairy beef are perfect substitutes, which may 
have implications for the effects of Japanese government policy that supports the Wagyu sector 
by limiting imports of dairy-quality beef. The third issue to be examined is estimating the 
probability that a particular meat, such as chicken, is a net substitute of the other meats. 
Counterintuitive policy results may occur if complementarity between meats is assumed for policy 
analysis. The fourth issue is determining which of the prices in the demand system may be 
treated as endogenous when estimating the demand system, which may have implications for the 
underlying assumptions of the demand system and the estimation technique employed. Tests 
that lead to solutions to these modeling problems are presented in the following sections. 
Testing for separability 
Separability restrictions are useful to test hypotheses about excluding particular goods from 
a group. For example, the question of the separability of fish from beef, pork, and chicken meat 
can be addressed. The result may indicate whether fish can be excluded from the Japanese meat 
demand system. 
Separable demand models have been developed by Barten (1964, 1968), Brown and Heien 
(1972), Jorgenson and Lau (1975), and Barnett (1977). Where separability restrictions have been 
tested in these highly aggregated models, they have been rejected. 
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Many concepts of separability are in use, including the distinction as to whether there is 
weak or strong form separability; separability of the utility function (direct); separability of the 
indirect utility function (indirect); separability of the cost or distance function (quasi); 
separability of an implicit representation of the direct utility function (direct pseudo); and, 
finally, separability of an implicit representation of the indirect utility function (indirect pseudo). 
Pudney (1981) provides a formal definition of each form and uses each to impose and test 
separability in a simple, constant elasticity model. Although each definition requires a different 
set of parametric restrictions, Pudney shows that the various definitions available make little 
difference to the empirical results. Consequently, only quasi separability of the cost function will 
be examined. 
Assume that M = 0*(p,u) is an arbitrary definition of the cost function that gives the 
minimum cost, M, of reaching an indifference curve u at price p. This function is assumed to 
be concave, homogeneous of degree one in p, and increasing. For such an arbitrary cost function, 
preferences are said to be quasi separable if the function can also be written as: 
(3.18) M = G[gi(Pi,u), g2(Pi,u),..., g,(p,,u)], 
where G(*) and the functions g/*) also have the general properties of cost functions, goods are 
portioned into r groups with price subvectors Pj, pg, . . ., p,, and the functions g/p,,u) are 
increasing in u and G (Gorman, 1970). Deaton and Muellbauer (1980b, p. 134) discuss 
separability of this type (which they term implicit separability) and show that the group budget 
shares (W, = X,/X) may be derived from: 
ainG 
(3.19) W,= . 
aing, 
Intragroup budget shares (W^ a q^p^/X,) may be derived from: 
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aing,(p,,u) 
(3.20) Wrf 
31npri 
where g/p,,u) can best be considered "as group price indices that depend on the level of utility u" 
(Deaton and Muellbauer, 1980b, p. 134). Each vector, p,, is comprised of the prices of the 
individual i commodities within the group r. 
From Shephard's lemma, the share of subgroup i within X {total group expenditures) or 
Wci s qjPj/X may be derived from: 
dlnG dlng-
(3.21) Wci . = W^Wrf. 
Sing- ainpri 
By differentiating (3.21) with respect to the price of good j in group S, Pgj, and holding u 
constant, the form of the between-good Slutsky terms can be derived as follows: 
ÔWcsi Ô^lnG aing, aing. 
(3.22) gHq = 
5P.J aing,aingg InPri ainp^ j 
Taking each variable on the right-hand side of (3.22) in turn. 
dlnG 
(3.23) =W„ 
aing. 
ainW, 
(3.24) =g„. 
aing. 
aing, 
(3.25) = Wri, and 
91nPri 
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(3.26) 
ôlngg 
W,j. 
where g„ is the estimated cross-price parameter between groups r and s, estimated from an 
aggregate AIDS model that has shares W, and W, as dependent variables. This result (3.24) is 
derived by specifying an equation for share r and taking the derivative with respect to the group 
price index, holding the level of utility (or X/P) constant. Hence, the restriction that is implied 
by quasi separability of the cost function may be written in terms of known shares and estimated 
parameters as: 
(3.27) = WriW3p„ . 
In other words, two groups, r and s, may be considered separable if the compensated cross-
p r i c e  e f f e c t s  b e t w e e n  t h e  s h a r e  o f  g o o d  i  i n  g r o u p  r  a n d  t h e  p r i c e  o f  g o o d  j  i n  g r o u p  s ( s ^ r )  
satisfy the restriction in (3.27). For Japan, W^, Wgj, and g„ may be respectively considered to 
be the share of each meat of nonfish meat expenditures, the expenditure share for a particular 
fish within the fish group, and the cross-price parameter between the meats and fish in a more 
aggregate AIDS model. Setting Wgj = 1, the restriction becomes: 
(3.28) 7ri, = Wri'/„. 
To implement this restriction, a two-good AIDS model is used to explain the shares of meat 
and fish and to obtain an estimate of A second model is then estimated in which Individual 
meat shares and the fish group share are the dependent variables. The mean share of the 
individual meats within the meat groups is multiplied by to obtain a set of parametric 
restrictions that are then placed on the cross-price terms between each meat price and the fish 
group price. A likelihood ratio test can then performed to determine whether the restrictions are 
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accepted by the data. The results of implementing the separability test will be presented in 
Chapter 4. 
Testing for perfect substîtutabîlitv 
Mori (1986) has suggested that, in Japan, "beef is not beef (p. 9), hypothesizing that Wagyu 
beef is a distinctly different commodity from imported and dairy beef. A test for perfect 
substitutability may indicate whether Wagyu and imported or dairy beef are, in fact, the same 
good or different goods that have a measurable degree of substitutability. An asymptotic 
likelihood ratio test can be constructed to determine whether two types of a good are perfect 
substitutes. For example, consider the results that might be expected in a model of the U.S. meat 
system in which beef was subdivided into beef from the traditional English breeds and beef from 
the nontraditional breeds. Although these expenditure shares need not be similar, each would be 
expected to react in a similar manner to relevant price changes if, in fact, these two beef types 
are perfect substitutes. Also, the prices of these two types of beef would be expected to be 
perfectly correlated, even when the relative quantity of each beef type is changed. If this were 
not the case, consumers would refuse to purchase the higher priced of the two beef types that 
they consider to be identical. This result implies that producers of both beef types would receive 
no price signals to change the relative proportions of each beef type supplied. 
To test the hypothesis that Wagyu and dairy beef are perfect substitutes, the price and 
expenditure coefficients in the equations for each beef type can be restricted to be equal. The 
intercept terms are not restricted. Although this test may be overly restrictive, it does allow the 
use of an asymptotic likelihood ratio test of the null hypothesis of perfect substitutability. The 
results of the perfect substitutability test are presented in Chapter 4. 
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Testing for net substitutabilitv 
Dyck (1988) estimates a number of log-linear demand equations using different data sets 
and includes various combinations of meat prices to update many of the early Japanese meat 
demand studies. Dyck estimates 22 pork demand equations by using Food Balance Sheet and 
Family Income and Expenditure Survey data and by including various combinations of pork, 
beef, chicken meat, and fish prices. The four specifications, which include chicken meat, all 
exhibit complemetarity between pork and chicken meat. A similar set of estimations of chicken 
meat demand yielded complementarity between chicken meat and beef in three out of six 
specifications and complementarity between chicken meat and pork in all six specifications. The 
set of estimations of beef demand yielded complementarity between beef and pork in four out 
of five specifications and complementarity between beef and chicken meat in all three 
specifications. The results indicate that complementarity between meats, particularly with 
chicken meat, is common in Japanese meat demand systems. 
While complementarity between certain goods is expected and desired in some cases, it is 
difficult to believe, for example, that consumers would react to increases in pork prices by 
consuming less chicken meat, regardless of the culture or culinary practices and even if the 
statistical results suggested that such is the case. In addition, when demand systems that exhibit 
counterintuitive complementarity are incorporated into livestock models, counterintuitive policy 
simulation results may result. In this sense, the demand system is not well behaved. 
A common response to this problem is to mine the data by using alternative definitions of 
prices or quantities or by utilizing alternative functional forms. If this sequential pretesting did 
not produce the desired substitutability among meats, one could impose the desired result by 
specifying an appropriate functional form on the utility function. Another alternative would be 
to explicitly impose net substitutability econometrically by imposing inequality restrictions that 
force the compensated cross-price elasticities to be greater than or equal to zero. When binding, 
the resulting elasticity would be zero. 
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Geweke (1986) has demonstrated that inequality constraints can be imposed by means of 
Bayesian inference. Chalfant and White (1987) have used this approach to impose curvature 
restrictions on a set of substitution elasticities of a translog cost function. This methodology can 
be used to test and to impose net substitutability among meats for an AIDS of Japanese meat 
demand by using Geweke's Bayesian approach as outlined in Chalfant and White. By treating net 
substitutability among meats as diffuse prior information and combining this information with 
the sample likelihood function using Bayes* theorem, a posterior likelihood function that is 
defined only over the restricted sample space is obtained. Estimates of the elasticities can then 
be calculated from this posterior distribution. With a quadratic loss function, the mean value of 
this posterior distribution is optimal (Chalfant and White, 1988). 
The procedure for finding this posterior distribution is as follows. First, the demand 
system is estimated with or without symmetry and homogeneity imposed. The parameter vector 
and covariance matrix from this procedure are then used to generate a multivariate, normal 
distribution. The parameter vectors from this generated distribution that satisfy net 
substitutability become the posterior distribution. The number of replications required depends, 
in part, on a priori beliefs as to the number of replications that will, in fact, satisfy the 
restrictions. The proportion of draws that satisfy the restrictions measures the probability that 
the system meets the restrictions (Chalfant and White, 1988). The mean values of this posterior 
distribution can then be used to calculate the elasticities that will, by construction, satisfy net 
substitutability. 
From the equation for computing the Hicksian cross-price elasticity 
( Sy = Ifij/Wj + Wj ), it is clear that for the net substitutability restriction to be satisfied (Sy > 0) 
at the means, must be greater than -Wj*W;. Therefore, to impose net substitutability, the 
value of the cross-price parameter must be restricted to be greater than the negative of the 
expenditure shares multiplied together. 
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The results of imposing and testing net substitutability on the Japanese meat demand system 
may yield parameter estimates and elasticities that are useful for evaluating the impacts of 
alternative policies upon Japanese livestock markets. These results are presented in Chapter 4. 
Testing for endoeeneitv 
The theory underlying demand estimation was developed for the individual consumer by 
assuming that the price of a good is fixed and thus that the supply of that good is perfectly 
elastic. The demand functions that result are based upon individual preferences but are generally 
estimated by using market level data. However, estimation of the theoretical demand functions 
using market level data may not be consistent in all cases with the aggregation of individual 
consumer preferences. 
Deaton and Muellbauer (1980a) derive the LA/AIDS from the PIGLOG class of preferences 
that permits perfect aggregation over consumers and results in representative demand functions 
that are correctly estimated using market level data. However, the perfectly elastic supply 
assumption is maintained (Deaton and Muellbauer, 1980a, p. 313). For broad aggregates of 
manufactured goods, the fixed price assumption may be reasonable since production levels can 
be varied relatively easily in response to changes in demand. However, for many agricultural 
commodities, the production cycle is periodic. Thus, the supply of these commodities is relatively 
fixed for a particular time period, which implies that consumers face a fixed quantity rather than 
a fixed price. If prices are not fixed, they are determined endogenously and simultaneously by 
the interaction of supply and demand. If the endogeneity of prices in the demand system can be 
determined, the characteristics of supply can be examined. 
In the Japanese meat demand system, the endogeneity of prices may indicate whether the 
supply of each meat is fixed, perfectly elastic, or upward sloping. Using a model specification 
test, each of the prices in the demand system can be tested for endogeneity. 
Previous work that uses model specification tests includes examining the endogeneity of 
total expenditures, endogeneity of right-hand side variables in a single demand equation, and 
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endogeneity of output in a translog cost function. Model specification tests, such as the Wu-
Hausman test, examine the difference in estimated parameters and standard errors among 
alternative estimation techniques by using the same model specification. Attfield (1985) examines 
the endogeneity of total expenditures by using Deaton and Muellbauer's AIDS specification and 
data. Attfield finds that the rejection of homogeneity may be reinterpreted as the rejection of 
exogeneity of expenditures when homogeneity is assumed to be part of the maintained hypothesis. 
Thurman (1986) uses the Wu-Hausman model specification test to examine the endogeneity of 
all prices, as well as only chicken meat price, in a single-equation demand equation for poultry 
meat that uses Ordinary Least Squares (OLS) and an instrumental variables (IV) estimator. 
Chalfant and Wallace (1989) calculate the Wu-Hausman test statistic by using Iterated Seemingly 
Unrelated Regressions (ITSUR) and Iterated Three Stage Least Squares (IT3SLS) to examine the 
endogeneity of output in a translog cost-minimization problem for the trucking industry. 
Hausman (1978) proposes a test for model specification on the basis of the existence of a 
consistent, asymptotically efficient estimator under the null hypothesis and an estimator that is 
not asymptotically efficient under the null hypothesis but that is consistent under both the null 
and the alternative hypotheses. Wu (1973) proposes a similar test. The Wu-Hausman test for 
model specification can be used to examine the null hypothesis that the prices on the right-hand 
side of a demand system are exogenous. For systems estimation, ITSUR is consistent and 
asymptotically efficient under the null hypothesis. IT3SLS is consistent under both the null and 
the alternative hypotheses but is inefficient under the null hypothesis. By using ITSUR and 
IT3SLS, the Wu-Hausman test measures the discrepancy between the sets of parameters (fi and 
y, respectively), given a consistent estimator of the variance under the null hypothesis. Defining 
q as ^ - y and V(q) = var(/9) - as a consistent estimator of the variance of q, the test is 
of the form: 
(3.29) M = q'[V(q)l-»q, 
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where M has a chi-square distribution with n degrees of freedom and n is the number of 
parameters in 0 that are directly affected by the correction for endogeneity. If M is greater than 
the chi-square value, then the null hypothesis of exogeneity is rejected and the alternative 
hypothesis of endogeneity is accepted. Equation (3.29) indicates that as q, the difference between 
the sets of parameters, decreases the probability that exogeneity is rejected decreases. That is, 
the larger the difference between the sets of parameters, the more likely it is that endogeneity 
is accepted. If endogeneity of a price is accepted, the price must then be treated as an 
endogenous right-hand side variable in the demand system estimation. The results of 
implementing the endogeneity tests are presented in Chapter 4. 
Supply system 
To capture the dynamics of the livestock production process, biological restrictions can be 
imposed upon the structure of the model. In an annual framework, these restriction include, for 
example, that each cow has only one calf per year. In addition, the inventory of feeder cattle 
is limited by the number of calves born in, the previous periods. Therefore, the source of new 
animals (i.e., breeding herd inventories) "drives" the live animal supply components of the model 
because future production is determined by current breeding herd size decisions. Thus, the 
number of animals born in a given year depends upon the size of beginning breeding herd 
inventories. Ending inventories of feeder animals depend upon the number of animals born in 
the current and previous years. Because in an annual model the time from birth to slaughter is 
constant, production in the current period is determined by breeding herd decisions made in 
previous periods. 
In general, these producer decisions can be represented by the following standard 
theoretical breeding herd inventory model for cattle: 
(3.30) h\ = f(n%+i,Zt), 
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where H\ is the desired breeding herd size at the end of period t, represents the expected 
profitability of raising cattle in the following period (the expected price of cattle deflated by the 
expected feed price in period t+1), and represents other variables, such as technical change, 
that may affect the desired ending herd size in period t. 
A standard form of (3.30) for estimation can be derived by assuming a partial adjustment 
framework for inventories and adaptive price expectations: 
(3.31) Hj - = T(H% - Hj.i), and 
(3.32) - Ti\ = 0(n, - n%), 
where r is the coefficient of adjustment, 9 is the coefficient of expectation, 0 £ r, and 0 ^ 1. 
Equation (3.31) suggests that, primarily because of biological restrictions and the cost of 
adjustment, changes in breeding herd size take time (i.e., the breeding herd cannot fully adjust 
in one year to the desired long-run level). Equation (3.32) assumes that the change in expected 
profit in period t+1 is proportional to the current error in forecasting. In other words, producers 
update their expectations about future changes in profit on the basis of current deviations from 
the expected profit level. If 9 is close to zero, then producers consider current deviations in 
profit from expected levels to be temporary and do not substantially alter their expectations about 
future movements. A value of $ close to one, on the other hand, indicates that producers 
consider the deviations to be more permanent and update their expectations each year by about 
the full extent of the current forecast error. 
Assuming a linear form of (3.30) and then substituting both (3.31) and (3.32) into (3.30) 
yields the following breeding inventory model for estimation: 
(3.33) = ctQ + " <*3^4.2 + - (XgZ^_^, 
where Oq = rtfa, 
a, = TÔb, 
®2 ° + (1-% 
«3 = 0-T)(l-6), 
«4 = TC, and 
= T(l-tf)c. 
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Also, a is the intercept, b and c are the coefficients of the variables in the linear form of (3.30), 
and all other variables are as previously defined. The value of B can be calculated directly from 
the estimated coefficients of (3.33). The remaining parameters (r, a, b, and c) can be derived by 
a procedure suggested by Maddala (1977, pp. 144-46), given a value for 9. 
As suggested, the responsiveness of producers to market prices can be calculated. However, 
because the Japanese government has manipulated market prices to remain within the stabilization 
price bands by using import restrictions and buy/sell programs, producers see movements in 
market prices outside the price band as temporary rather than as permanent indicators of future 
price movements. Producers, therefore, see changes in the government support price as 
permanent indicators of future prices movements. Thus, an ad hoc modification of the 
specification of (3.33) to include the current government support price may more accurately 
represent the producer's breeding herd inventory decisions. 
The Conceptual Mode! 
The conceptual model of the Japanese livestock industry incorporates the biological 
restrictions and dynamics of livestock supply and demand with a meat supply and demand system. 
The livestock system includes Wagyu cattle, dairy cattle, and hogs. The meat supply and demand 
system includes Wagyu beef, dairy beef, pork, chicken meat, and fish. An annual time frame is 
chosen for the model utilizing data for the 1965 to 1986 period. 
By assuming the framework of (3.33) for breeding herd inventories (including government 
support price), the live-animal supply and demand components for a given livestock type i 
(Wagyu cattle, dairy.cattle, and hogs) are modeled as (3.34) through (3.37). Unless otherwise 
noted, all variables are subscripted by t (year). 
(3.34) Hj = + «is Hjj.g + «igZi + + ajgGjt/Kj, 
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(3.35) Ri = q* 
(3.36) Fi sa Ail + ^i2 
(3.37) h = H|.i - Hj + R| + Fj -
where H; = ending breeding inventory of type i (i = Wagyu cattle, dairy cattle, or hogs), 
P|^ = price of livestock type i, 
K| = cost of feed for i, 
Z| = exogenous shifter affecting breeding herd size decisions, 
G| = government support price of i, 
Rj = offspring of i raised, 
q, = annual birth rate of i, 
F{ = ending feeder inventories of i, 
L} = slaughter of livestock type i, and 
a,A = estimated parameters. 
The production cycle for chickens is only five to six weeks. Consequently, chicken 
inventory and slaughter equations in an annual model are less meaningful in this model than they 
are in shorter time frame models. Changes in production in response to price changes can occur 
in such a short interval that counterintuitive price responsiveness may be estimated. Thus, live 
chicken supply and demand equations are not included in the model. 
The full conceptual Japanese livestock industry model combines the meat expenditure 
system with the supply dynamics for Wagyu cattle and beef (g), dairy cattle and import-quality 
beef (d), hogs and pork (p), chicken meat (c), and fish (f). The model incorporates Japanese meat 
price and import policies in a large-country representation of the industry. The live animal 
component of the model consists of (3.34) through (3.37) for Wagyu cattle, dairy cattle, and hogs. 
The meat component of the model is represented by (3.38) through (3.51). 
(3.38) Sj = bLj (where i = g, d, p), 
(3.39) S, . S,(P",.T), 
(3.40) Di = Ei/Pj™, 
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(3.41) Ei = WjE (where i = P, c, f). 
(3.42) E| 83 PjDj (where i = g.<i). 
(3.43) Wi Wi(Pj'",E) (where j = g, d, p, c, f), 
(3.44) p m * c P«(P/), 
(3.45) Vp a Pp" - Pp~, 
(3.46) Ci a Dj .N,  
(3.47) Cg a Sg. 
(3.48) Cd a Sd + 5^ 
(3.49) MP C; - Si (where i =» P. c), 
(3.50) Mi® t
 
t
 
u
 d, p, c). 
and 
(3.51) Mj® M1® (where i = d, p, c). 
where b = average slaughter weight, 
C{ = total consumption of meat i (*), 
Dj = per capita consumption of meat i (*), 
E| = per capita expenditure on meat i (*), 
E a per capita consumer expenditure on all meats, 
I = per capita income, 
Lj = slaughter of livestock type i (i = g, d, p) (*), 
5^ = import quota on import-quality beef, 
Mj^ = total import supply for meat i (i = d, p, c), 
Mj® = total import demand for meat i (1 = p, c) (*), 
P;™ = domestic price of meat i (i = g, d, c) (•), 
Pj" = world price of meat i (i = d, p, c) in domestic currency (*), 
Pp"" = fixed support price of pork, 
Sj = domestic supply of meat i (*), 
T = time trend or other variables affecting annual chicken meat supply, 
Vp = pork variable levy (•), 
Wj = expenditure share of meat i (*), 
N = Japanese population, and 
= estimated parameters. 
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The endogenous variables in the system are marked with an asterisk (*) following the definition 
of each. Livestock-meat price margin equations link the live animal and meat components of the 
model [Pi^ = 
Note that Wagyu beef is modeled as a nontraded commodity. Thus, Wagyu beef is affected 
by beef imports only through the cross-price effects. Imported beef is treated as the equivalent 
of dairy beef. Pork is subject to a variable import levy. The chicken sector is assumed to be 
free of import restrictions. The domestic prices of meat (P™) are determined by the interaction 
of domestic meat supply (S|) and demand (C;) except for pork, which is fixed by the government. 
The prices of beef, pork, and chicken meat supplied to Japan by the world market are 
determined by the excess supply of each meat facing Japan (M,^) and the Japanese import 
demand for each (Mj®). 
Summary 
This chapter has examined the AIDS and developed tests for separability, perfect 
substitutability, net substitutability, and endogeneity to test hypotheses about the structure of 
Japanese meat demand. A test to examine the separability of fish from the rest of the meats was 
developed. A test of the hypothesis that Wagyu beef and import-quality beef are perfect 
substitutes was developed to examine issues such as "beef is not beef" in Japan. A methodology 
to investigate the net substitutability of meats in the Japanese meat demand system was examined. 
A methodology to examine the endogeneity of prices in the meat demand system was also 
examined. Producer price response in the breeding herd inventory equations was then examined. 
Finally, the complete conceptual Japanese livestock industry model was presented. 
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CHAPTER 4. EMPIRICAL ESTIMATION 
This chapter presents the results of estimating the conceptual model presented in Chapter 3. 
First, the data sources are discussed. The estimation procedures and results of the methodology 
tests proposed in Chapter 3 are then examined. Next, the estimated parameters of the model are 
presented. Finally, validation statistics for the model are examined. 
The Data 
The sources of the data used in this study are published by the Japanese Ministry of 
Agriculture, Forestry, and Fisheries (MAFF). These publications include various issues of the 
Statistical Yearbook, Statistics of Meat Marketing, The Meat Statistics in Japan, the Monthly 
Statistics of Agriculture, Forestry, and Fisheries, and the Annual Report on the Family Income and 
Expenditure Survey. Inventory data for live animals, slaughter numbers, slaughter weights, prices 
paid to farmers, wholesale prices, retail fish disappearance, and wholesale to retail conversion 
factors are from the Statistical Yearbook. Retail prices for pork and chicken meat are from The 
Meat Statistics in Japan. Retail fish price, from the Annual Report on the Family Income and 
Expenditure Survey, is an average of fresh and salted fish price series weighted by the 
consumption of each. Retail Wagyu and dairy beef prices are calculated as discussed in 
Chapter 2. Because the data set prior to 1965 is not complete, only the 1965 to 1986 period is 
used for estimation. 
Estimation Procedures 
The demand system is estimated using Iterated Seemingly Unrelated Regressions (ITSUR) 
and Iterated Three Stage Least Squares (IT3SLS) to obtain efficient estimates of the coefficients 
when cross-equation restrictions are imposed. The supply system, for which cross-equation 
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restrictions are not imposed is estimated using 3SLS. The systems are combined for simulation 
analysis of the alternative policies. 
The demand system chosen for this study, the Linear Approximate Almost Ideal Demand 
System (LA/AIDS), allows homogeneity, adding up, and symmetry to be easily tested and 
imposed. The model was estimated by using the nonlinear procedure, SYSNLIN, in SAS. Before 
estimation and prior to the logarithmic transformations of the LA/AIDS, prices and real income 
were divided by their sample means. Since the share equations sum to one, an equation must be 
omitted from the system to allow a systems estimation technique, such as ITSUR or IT3SLS, to 
be utilized and to avoid singularity. The parameters of the omitted equation can be calculated 
by using the adding up restrictions. In the absence of other restrictions, the adding up 
restrictions are costlessly imposed and result in parameters identical to those estimated directly 
by using OLS. 
To achieve invariance to the equation deleted, Berndt and Savin (1975) suggest correcting 
the LA/AIDS for autocorrelation by using the same estimated correlation coefficient for each 
equation. The resulting estimation is invariant to the equation deleted (Chalfant, 1987). As an 
alternative, Chavas and Segerson (1987) develop initial restrictions upon the first-step variance-
covariance matrix for ITSUR estimation, which results in invariance of a system of share 
equations to the deleted equation. The Chavas and Segerson procedure does not require 
correction for autocorrelation to achieve invariance to the equation deleted and thus does not 
involve lagged relationships between the dependent variable and the explanatory variables. 
The LA/AIDS for the Japanese meat demand system was initially estimated by using both 
the Berndt and Savin procedure and the Chavas and Segerson procedure to achieve invariance of 
the estimates to the deleted equation. Both procedures proved to be invariant and produced 
similar results. The Berndt and Savin approach was chosen to achieve invariance to the equation 
deleted because of its computational simplicity. However, the choice of procedures disregarded 
the lagged relationship between dependent and independent variables and the possible 
implications of the theoretical restrictions imposed upon the LA/AIDS. 
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Methodology Results 
The following section presents tests for homogeneity and symmetry. The results of the 
methodology tests proposed in Chapter 3 are then presented. These tests include an endogeneity 
test for fixed supply, a test for separability of fish from the rest of the meats, a test for perfect 
substitutability between Wagyu beef and import-quality beef, and a net substitution test. 
Homogeneity can be tested on an equation-by-equation basis by using unrestricted and 
restricted estimations of each share equation. F-tests, obtained by comparing the sums of the 
squared errors of the unrestricted and restricted equations, were not significant, which implies 
that homogeneity is accepted by the data. 
Symmetry cannot be tested equation by equation; therefore, the chi-squared test statistic 
suggested by Gallant and Jorgenson (1979), which is based upon the difference in the criterion 
function as estimated by the SYSNLIN procedure in SAS, was used to test the symmetry 
restriction. The difference in criterion functions for the systems estimated using ITSUR with and 
without symmetry imposed is 12.2. The chi-squared statistic with 6 degrees freedom at the 1 
percent level is 16.81. At the S percent level of significance, the chi-squared statistic is 12.59. 
Thus, symmetry is accepted at both the 1 percent and 5 percent levels. Symmetry was also 
accepted at both the 1 percent and 5 percent levels when the system was estimated by using 
IT3SLS. Table 4.1 presents the estimated coefficients and standard errors for the ITSUR and 
IT3SLS estimations of the demand system with symmetry and homogeneity imposed. Table 4.2 
presents the Hicksian and Marshallian elasticities for the ITSUR and IT3SLS estimations. 
The instruments chosen for the IT3SLS estimation are principal components created from 
the variables that are assumed to be exogenous to the supply side of the model. These variables 
include the consumer, wholesale, and producer price indexes; monthly family income; population; 
the average number of household members; the U.S. consumer price index; birth rates for Wagyu 
cattle, dairy cattle, and hogs; slaughter weights; farm price of milk; and the wholesale unit value 
of corn. 
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Table 4.1. Estimated coefficients and standard errors for ITSUR and IT3SLS estimations of an 
AIDS of Japanese meat expenditure shares^ 
Share 1i2 lis tiS Pi R: DW 
ITWR 
Wagyu -0.050 
Beef 
0.010 
(0.012) 
0.047 
(0.016) 
0.023 
(0.011) 
-0.031 
(0.023) 
0.049 
(0.044) 
0.054 
(0.003) 
0.803 1.762 
IQ Beef*» 0.043 -0.001 
(0.014) 
-0.023 
(0.010) 
-0.030 
(0.024) 
0.099 
(0.046) 
0.067 
(0.003) 
0.887 2.946 
Pork 0.028 -0.041 
(0.013) 
-0.035 
(0.033) 
-0.087 
(0.067) 
0.184 
(0.004) 
0.780 2.690 
Chicken 
Meat 
0.049 -0.009 
(0.022) 
0.063 
(0.043) 
0.104 
(0.023) 
0.771 1.839 
Fish 0.105 -0.125 0.590 
IT3SLS® 
Wagyu -0.087 
Beef 
0.023 
(0.015) 
0.003 
(0.015) 
0.034 
(0.010) 
0.026 
(0.012) 
-0.015 
(0.010) 
0.057 
(0.002) 
0.927 1.136 
IQ Beef -0.003 0.009 
(0.019) 
-0.044 
(0.010) 
0.016 
(0.017) 
0.011 
(0.019) 
0.071 
(0.003) 
0.811 2.624 
Pork 0.049 -0.018 
(0.015) 
-0.044 
(0.024) 
0.006 
(0.030) 
0.182 
(0.005) 
0.533 2.199 
Chicken 
Meat 
0.014 0.014 
(0.010) 
0.001 
(0.011) 
0.107 
(0.002) 
0.729 1.746 
Fish -0.11 -0.002 0.583 
Standard errors are in parentheses. Symmetry and homogeneity are imposed. The 
homogeneity restriction is imposed upon the own-price coefficient. 
^IQ beef is import-quality beef, the combination of Japanese dairy beef and imported beef. 
'The FSR^ for Wagyu beef, IQ beef, pork, chicken meat, and fish, respectively, are 0.957, 
0.941, 0.884, 0.881, and 0.981. 
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Table 4.2. Hicksian and Marshallian elasticities for ITSUR and IT3SLS estimations of Japanese 
meat expenditures^ 
Hicksian Hicksian Marshallian Marshallian 
Elasticities Elasticities Elasticities Elasticities 
Expenditure ITSUR Model IT3SLS Model ITSUR Model IT3SLS Model 
Wagyu Beef 
Wagyu Beef -1.78 (0.31) -2.41 (0.34) -1.89 (0.30) -2.45 (0.33) 
IQ Beef*» 0.23 (0.22) 0.46 (0.25) 0.12 (0.21) 0.41 (0.24) 
Pork 0.98 (0.33) 0.24 (0.31) 0.64 (0.30) 0.10 (0.25) 
Chicken 0.50 (0.21) 0.68 (0.20) 0.31 (0.19) 0.60 (0.17) 
Fish 0.06 (0.70) 1.02 (0.61) -1.00 (0.58) 0.59 (0.21) 
Expenditure 1.83 (0.74) 0.74 (0.16) 1.83 (0.74) 0.74 (0.16) 
IQ Beef 
Wagyu Beef 0.21 (0.19) 0.41 (0.22) 0.06 (0.19) 0.34 (0.22) 
IQ Beef -0.29 (0.23) -0.97 (0.32) -0.46 (0.22) -1.05 (0.31) 
Pork 0.18 (0.28) 0.33 (0.35) -0.28 (0.25) 0.10 (0.30) 
Chicken -0.24 (0.18) -0.56 (0.19) -0.50 (0.16) -0.68 (0.16) 
Fish 0.13 (0.69) 0.80 (0.63) -1,32 (0.54) 0.13 (0.31) 
Expenditure 2.49 (0.68) 1.16 (0.29) 2.49 (0.68) 1.16 (0.29) 
Pork 
Wagyu Beef 0.31 (0.10) 0.07 (0.09) 0.28 (0.09) 0.02 (0.08) 
IQ Beef 0.06 (0.10) 0.11 (0.12) 0.03 (0.08) 0.05 (0.11) 
Pork -0.66 (0.23) -0.55 (0.26) -0.76 (0.16) -0.74 (0.19) 
Chicken -0.11 (0.12) 0.01 (0.14) -0.17 (0.07) -0.10 (0.08) 
Fish 0.40 (0.61) 0.35 (0.60) 0.09 (0.27) 0.26 (0.16) 
Expenditure 0.53 (0.35) 1.03 (0.17) 0.53 (0.35) 1.03 (0.17) 
Chicken 
Wagyu Beef 0.28 (0.12) 0.38 (0.11) 0.19 (0.10) 0.33 (0.10) 
IQ Beef -0.15 (0.11) -0.36 (0.12) -0.25 (0.09) -0.42 (0.10) 
Pork -0.20 (0.22) 0.02 (0.24) -0.50 (0.14) -0.17 (0.15) 
Chicken -0.42 (0.17) -0.77 (0.15) -0.59 (0.14) -0.87 (0.11) 
Fish 0.49 (0.61) 0.72 (0.59) -0.43 (0.32) 0.13 (0.11) 
Expenditure 1.60 (0.41) 1.01 (0.10) 1.60 (0.41) 1.01 (0.10) 
Fish 
Wagyu Beef 0.01 0.10 -0.04 -0.05 
IQ Beef 0.02 0.09 -0.04 -0.03 
Pork 0.13 0.11 -0.02 -0.08 
Chicken 0.09 0.13 0.01 0.03 
Fish -0.24 -0.44 -0.70 -1.02 
Expenditure 0.79 0.99 0.78 0.99 
^All models have Slutsky symmetry and homogeneity imposed. Elasticities are calculated at 
the means. The IT3SLS results assume that all RHS variables are endogenous. The standard 
errors, in parentheses, are calculated as suggested by Chalfant (1987). 
''IQ beef is import-quality beef, the combination of Japanese dairy beef and imported beef. 
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The "best" choice of instruments for IT3SLS estimation is not known. The literature on the 
choice of instruments emphasizes the exogeneity of the instruments. Fomby, Hill, and Johnson 
(1984) suggest that the instruments chosen should be uncorrelated with the error term but at the 
same time have the highest correlation with the elements of the right-hand side (RHS) variables 
matrix. However, there are an infinite number of combinations of exogenous supply side 
variables, and the choice introduces an element of variability in the results, even with the same 
model and data (Gallant, 1977). Chalfant and Wallace (1989) use low-order interaction terms 
of the exogenous spatial characteristics of a firm's operating authority to create the instruments 
to estimate the translog cost function of trucking firms. Thurman (1986) uses feed price, the 
price of labor, energy input prices, and feed efficiency as instruments to estimate an ad hoc 
poultry meat demand equation. 
The first-stage (FSR^) statistics are suggested as an indication of the quality of the 
instruments. The FRS^ statistic measures the fraction of the variation of the endogenous RHS 
variable that remains after projection through the instruments (SAS, 1984). If the FSR^ is 1, the 
instruments are perfectly correlated with the endogenous RHS variables, and nothing is gained 
from the use of the instruments. However, if the FSR^ only approaches 1, the use of the 
instruments can account for simultaneous equations bias. The FSR^ for Wagyu beef, 
import-quality beef, pork, chicken meat, fish, total meat expenditures, and Stone's meat price 
index are 0.9746, 0.9369, 0.9450, 0.9632, 0.9856, 0.9887, and 0.9863, respectively. 
Endoeeneitv test results 
The Wu-Hausman endogeneity test was estimated to determine which RHS prices are 
exogenous to the Japanese meat demand system. Table 4.3 presents the estimated Hicksian 
elasticities for the demand system from sequentially estimating the system with one price 
specified as endogenous. The test for endogeneity indicates that the chicken meat price may be 
exogenous. This result may be because chicken meat is not subject to any trade restrictions. 
Wagyu beef, import-quality beef, pork, and fish reject exogeneity. The last column of Table 4.3 
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Table 4.3. IT3SLS Hicksian elasticities after correction for endogenous prices 
Restrictions 
Restrictions Not Imposed For Imposed for 
Wagyu Beef IQ Beef* Pork Chicken Fish All Meats 
Except 
Chicken Meat 
Wu-Hausman Statistic 23.60** 21.13** 18.36*» 2.40 22.85*» 73.86*» 
Wagyu Beef 
Wagyu Beef -1.57 -1.86 -1.54 -1.79 -1.41 -2.22 
IQ Beef -0.06 0.05 0.26 0.22 0.31 0.34 
Pork 1.05 1.10 0.72 0.99 0.71 0.40 
Chicken 0.33 0.31 0.35 0.50 0.48 0.55 
Fish 0.25 0.40 0.21 0.07 -0.09 0.92 
Expenditure 1.36 1.32 1.20 1.83 1.70 0.74 
IQ Beef 
Wagyu Beef -0.06 0.05 1.23 0.20 0.28 0.30 
IQ Beef -0.19 -0.62 -0.32 -0.30 -0.24 -0.92 
Pork 0.17 0.48 0.12 0.21 -0.18 0.25 
Chicken -0.15 -0.16 -0.27 -0.27 -0.26 -0.49 
Fish 0.24 0.25 0.24 0.16 0.39 0.85 
Expenditure 2.54 2.70 2.30 2.47 1.89 1.17 
Pork 
Wagyu Beef 0.33 0.35 0.23 0.31 0.22 0.13 
IQ Beef 0.06 0.17 0.04 0.08 -0.06 0.09 
Pork -0.51 -0.68 -0.72 -0.67 -0.84 -0.51 
Chicken -0.09 -0.11 -0.07 -0.05 -0.21 -0.02 
Fish 0.20 0.26 0.51 0.33 0.89 0.31 
Expenditure 0.86 0.67 0.44 0.67 -0.29 1.03 
Chicken 
Wagyu Beef 0.19 0.18 0.20 0.28 0.27 0.31 
IQ Beef -0.10 -0.10 -0.17 -0.17 -0.16 -0.31 
Pork -0.16 -0.19 -0.12 -0.90 -0.36 -0.04 
Chicken -0.42 -0.30 -0.38 -0.58 -0.47 -0.72 
Fish 0.49 -0.42 0.47 0.57 0.73 0.76 
Expenditure 1.67 1.89 1.78 1.39 1.14 1.01 
Fish 
Wagyu Beef 0.03 0.04 0.02 0.01 -0.01 0.09 
IQ Beef 0.03 0.03 0.03 0.02 0.04 0.10 
Pork 0.06 0.09 0.16 0.11 0.29 0.10 
Chicken 0.09 0.08 0.08 0.10 0.13 0.14 
Fish -0.20 -0.23 -0.30 -0.23 -0.45 -0.43 
Expenditure 0.71 0.72 0.87 0.78 1.21 0.99 
^IQ beef is import-quality beef, the combination of Japanese dairy beef and imported beef. 
^Significant at the 1 percent level. The 1 percent level for a is 15.09. 
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presents the results that assume that only chicken meat price is exogenous. Table 4.4 presents the 
estimated Hicksian and Marshallian elasticities the ITSUR results, which assume that all RHS 
variables are exogenous, IT3SLS results, which assume that all RHS variables are endogenous, 
and the IT3SLS results, which assume that only chicken meat price is exogenous. 
The relative magnitude of the IT3SLS Hicksian elasticities, which assume that chicken meat 
price is exogenous (column 3 in Table 4.4), are generally between the ITSUR Hicksian elasticities, 
which assume all RHS variables are exogenous (column 1 in Table 4.4), and the IT3SLS Hicksian 
elasticities, which assume that all RHS variables are endogenous (column 2 in Table 4.4). This 
result is expected since the ITSUR elasticities assume that supply is perfectly elastic, the IT3SLS 
(all RHS endogenous) elasticities assume that supply is perfectly fixed, and the IT3SLS elasticities 
with chicken meat exogenous and the rest of the RHS variables endogenous assume that a 
combination of perfectly elastic and fixed supply exists. 
Seoarabilitv test results 
The separability test between fish and the rest of the meats was implemented by using a 
two-good AIDS model to explain the shares of meat and fish and to obtain an estimate of g„, the 
coefficient on fish in the meat expenditure share equation of the two good model. A second 
model was then estimated in which individual meat shares and the fish group share were 
dependent variables. The mean share of the individual meats within the meat groups was 
multiplied by g„ to obtain a set of parametric restrictions that were then placed on the cross-
price terms between each meat price and the fish group price. The Gallant and Jorgenson 
chi-square test was then performed to determine whether the restrictions were accepted by the 
data. The drop in the criterion function was 3.59. The 5 percent significance level of the 
chi-square distribution with 4 restrictions is 9.48. Hence, separability between meats and fish 
in Japan cannot be rejected. The IT3SLS separability test also failed to reject separability. The 
ITSUR and 1T3SLS Hicksian elasticities for the Japanese meat expenditure share system with 
60 
Table 4.4. Hicksian elasticities for ITSUR and IT3SLS estimations, and Hicksian and 
Marshallian elasticities for IT3SLS estimations assuming the exogeneity of chicken 
meat price^ 
Hicksian Hicksian Hicksian Marshallian 
Elasticities ^ Elasticities ^ Elasticities Elasticities 
Expenditure ITSUR Model*» IT3SLS Model*) IT3SLS Model IT3SLS Model 
(all RHS exog) (all RHS endog) (chicken exog) (chicken exog) 
Wagyu Beef 
Wagyu Beef -1.78 (0.31) -2.41 (0.34) -2.22 (0.34) -2.26 (0.34) 
IQ Beef 0.23 (0.22) 0.46 (0.25) 0.34 (0.25) 0.29 (0.25) 
Pork 0.98 (0.33) 0.24 (0.31) 0.40 (0.31) 0.27 (0.24) 
Chicken 0.50 (0.21) 0.68 (0.20) 0.55 (0.19) 0.48 (0.16) 
Fish 0.06 (0.70) 1.02 (0.61) 0.92 (0.61) 0.49 (0.22) 
Expenditure 1.83 (0.74) 0.74 (0.16) 0.74 (0.16) 0.74 (0.16) 
IQ Beef 
Wagyu Beef 0.21 (0.19) 0.41 (0.22) 0.30 (0.23) 0.23 (0.22) 
IQ Beef -0.29 (0.23) -0.97 (0.32) -0.92 (0.31) -0.99 (0.30) 
Pork 0.18 (0.28) 0.33 (0.35) 0.25 (0.34) 0.03 (0.29) 
Chicken -0.24 (0.18) -0.56 (0.19) -0.49 (0.18) -0.62 (0.15) 
Fish 0.13 (0.69) 0.80 (0.63) 0.85 (0.63) 0.17 (0.30) 
Expenditure 2.49 (0.68) 1.16 (0.29) 1.17 (0.28) 1.17 (0.28) 
Pork 
Wagyu Beef 0.31 (0.10) 0.07 (0.09) 0.13 (0.09) 0.07 (0.07) 
IQ Beef 0.06 (0.10) 0.11 (0.12) 0.09 (0.12) 0.02 (0.10) 
Pork -0.66 (0.23) -0.55 (0.26) -0.51 (0.25) -0.70 (0.17) 
Chicken -0.11 (0.12) 0.01 (0.14) -0.02 (0.13) -0.13 (0.08) 
Fish 0.40 (0.61) 0.35 (0.06) 0.31 (0.59) 0.29 (0.16) 
Expenditure 0.53 (0.35) 1.03 (0.17) 1.03 (0.16) 1.03 (0.16) 
Chicken 
Wagyu Beef 0.28 (0.12) 0.38 (0.11) 0.31 (0.10) 0.25 (0.09) 
IQ Beef -0.15 (0.11) -0.36 (0.12) -0.31 (0.11) -0.38 (0.09) 
Pork -0.20 (0.22) 0.02 (0.24) -0.04 (0.23) -0.23 (0.14) 
Chicken -0.42 (0.17) -0.77 (0.15) -0.72 (0.14) -0.83 (0.09) 
Fish 0.49 (0.61) 0.72 (0.59) 0.76 (0.59) 0.18 (0.11) 
Expenditure 1.60 (0.41) 1.01 (0.10) 1.01 (0.10) 1.04 (0.10) 
Fish 
Wagyu Beef 0.01 0.10 0.09 -0.04 
IQ Beef 0.02 0.09 0.10 -0.03 
Pork 0.13 0.11 0.10 -0.09 
Chicken 0.09 0.13 0.14 0.03 
Fish -0.24 -0.44 -0.43 -1.01 
Expenditure 0.79 0.99 0.99 0.99 
^All models have Slutsky symmetry and homogeneity imposed. Elasticities are calculated at 
the means. The standard errors, in parentheses, are calculated as suggested by Chalfant (1987). 
•"From Table 4.2. 
^IQ beef is import-quality beef, the combination of Japanese dairy beef and imported beef. 
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quasiseparabillty imposed between each of the meats and the fish group are presented in 
Table 4.5. 
Perfect substitutabilitv test results 
To test the hypothesis that Wagyu and import-quality beef are perfect substitutes, the price 
and expenditure coefficients in the Wagyu and import-quality beef equations were restricted to 
being equal. The intercept terms were not restricted. By using the Gallant and Jorgenson 
chi-square test, the null hypothesis of perfect substitutability between Wagyu and import-quality 
beef can be rejected at the 1 percent level of confidence. This result is of relevance because the 
Japanese government has restricted beef imports to protect the Wagyu beef industry. This policy 
implies that the Japanese government considers Wagyu and imported beef to be close substitutes. 
Any decrease in import-quality beef prices will influence Wagyu beef demand only through the 
cross-price elasticity. The ITSUR and IT3SLS Hicksian elasticities with perfect substitutability 
imposed between Wagyu and dairy beef are presented in Table 4.6. 
The elasticities for the import-quality beef and pork shares are strongly affected by this 
restriction. The imposition of perfect substitutability along with homogeneity and Slutsky 
symmetry results in 14 restrictions on the 28 estimated parameters. The cumulative effect of 
these restrictions dramatically changes some of the estimated parameters from their unrestricted 
values. 
The perfect substitutability test may be overly restrictive, making other less restrictive 
measures of the degree of substitutability appealing. Hicks (1956, p. 165) suggests that if two 
goods are perfect substitutes their price ratios would tend to be constants and that if they were 
close substitutes their prices would move together (i.e., the case of the U.S. meat system in which 
beef was subdivided into beef from the traditional English breeds and beef from the 
nontraditional breeds). The ratio of these prices would be expected to be a constant if, in fact, 
these two beef types are perfect substitutes. Also, the prices of these two types of beef would 
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Table 4.5. ITSUR and IT3SLS Hicksian elasticities for separability tests^ 
ITSUR IT3SLS 
ITSUR Separability Separability 
Expenditure Unrestricted* Imposed Imposed 
chi-square 6.20* 6.20* 
Wagyu Beef 
Wagyu Beef -1.78 -1.43 -1.89 
IQ Beef 0.23 0.26 0.36 
Pork 0.98 0.47 0.46 
Chicken 0.50 0,27 0.66 
Fish 0.06 0.43 0.43 
Expenditure 1.83 0.94 1.31 
IQ Beef 
Wagyu Beef 0.21 0.23 0.30 
IQ Beef -0.29 -0.38 -0.42 
Pork 0.18 -0.06 0.01 
Chicken -0.24 -0.22 -0.31 
Fish 0.13 0.43 0.43 
Expenditure 2.49 2.07 1.95 
Pork 
Wagyu Beef 0.31 0.15 0.14 
IQ Beef 0.06 -0.02 -0.01 
Pork -0.66 -0.48 -0.53 
Chicken -0.11 -0.08 -0.04 
Fish 0.40 0.43 0.43 
Expenditure 0.53 0.52 0.62 
Chicken 
Wagyu Beef 0.28 0.15 0.36 
IQ Beef -0.15 -0.14 -0.20 
Pork -0.20 -0.14 -0.07 
Chicken -0.42 -0.30 -0.50 
Fish 0.49 0.43 0.43 
Expenditure 1.60 1.83 1.47 
Fish 
Wagyu Beef 0.01 0.04 0.04 
IQ Beef 0.02 0.05 0.05 
Pork 0.13 0.14 0.14 
Chicken 0.09 0.08 0.08 
Fish -0.24 -0.31 -0.31 
Expenditure 0.79 0.89 0.89 
^Homogeneity and Slutsky Symmetry are imposed in ail cases. IT3SLS assumes 
chicken meat price is exogenous. 
''From Table 4.2. 
°IQ beef is import-quality beef, the combination of Japanese dairy beef and 
imported beef. 
^Significant at the 1 percent level. 
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Table 4.6. ITSUR and IT3SLS Hickslan elasticities for perfect substitution tests* 
ITSUR IT3SLS 
IT3SLS Perfect Substitution Perfect Substitution 
Expenditure Unrestricted® Imposed Imposed 
Chi-Square 391.93 391.93 
Wagyu Beef 
Wagyu Beef -2.22 d d 
IQ Beef® 0.34 d d 
Pork 0.40 d d 
Chicken 0.55 d d 
Fish 0.92 d d 
Expenditure, 0.74 d d 
IQ Beef 
Wagyu Beef 0.30 d d 
IQ Beef -0.92 -0.97 -3.69 
Pork 0.25 2.18 3.06 
Chicken -0.49 -0.65 -0.57 
Fish 0.86 -0.92 1.22 
Expenditure 1.17 -0.05 -1.32 
Pork 
Wagyu Beef 0.13 d d 
IQ Beef 0.09 0.76 1.08 
Pork -0.51 -1.49 -1.91 
Chicken -0.02 0.53 0.09 
Fish 0.31 -0.01 0.71 
Expenditure 1.03 1.14 1.00 
Chicken 
Wagyu Beef 0.31 d d 
IQ Beef -0.31 -0.41 -0.35 
Pork -0.20 0.92 0.16 
Chicken -0.72 -0.53 -0.48 
Fish 0.76 0.14 0.58 
Expenditure 1.01 1.02 1.00 
Fish 
Wagyu Beef 0.59 d d 
IQ Beef 0.10 -0.10 0.13 
Pork 0.10 -0.01 0.22 
Chicken 0.14 0.03 0.10 
Fish -0.43 0.10 0.57 
Expenditure 0.99 1.06 1.26 
^Homogeneity and Slutsky Symmetry are imposed in ail cases. IT3SLS assumes 
chicken meat price is exogenous. 
^From Table 4.4. 
°IQ beef is import-quality beef, the combination of Japanese dairy beef and 
imported beef. 
®The Wagyu and import-quality beef shares are combined under IQ beef for the 
elasticity calculations. 
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be expected to be perfectly correlated, even when the relative quantity of each beef type is 
changed. 
In the case of Japanese meat demand, the ratio of Wagyu beef price to dairy beef price 
varies from 1.34 to 1.87 over the 1965 to 1986 period. The correlation of Wagyu beef price and 
dairy beef price shows a strong relationship between the two prices (Table 4.7). These results 
indicate that Wagyu and import-quality beef may be close substitutes; however, they are less than 
perfect substitutes. Other potential tests include Hicks (1956, p. 51), who uses a composite 
commodity framework to examine a three-commodity case and the conditions under which two 
of the three commodities would be identical. These conditions could be tested and the results 
may indicate whether the two types of beef are perfect substitutes. 
Ngt sybstitytabiUtv tsst 
To test the hypothesis of net substitutability, the procedure outlined in Chapter 3 was 
followed. The Japanese meat demand system with homogeneity and symmetry imposed was 
estimated using both ITSUR and IT3SLS to obtain estimates of the coefficients and the 
corresponding covariance matrices. These coefficients were assumed to be point values taken 
from a multivariate normal distribution with population variances equal to those in the variance-
covariance matrix. A sample distribution of the parameter set was then constructed by using a 
randomly generated, multivariate normal distribution. By using a Monte Carlo procedure with 
inequality restrictions, 20,000 replications were generated. Each replication was then checked 
to determine whether net substitutability was satisfied. The percentage of draws not violating 
this restriction can be taken as an indication of whether or not the restriction holds (Chalfant and 
White, 1988). The mean values of those vectors that satisfy the restrictions become the estimated 
parameter vector. For example, when net substitutability between all meats was imposed, the 
percentage of observations that satisfied the restriction was 0.05. The ITSUR elasticities from 
the mean values of those results that satisfied the restrictions are presented in the last column of 
Table 4.8. The IT3SLS results are presented in Table 4.9. 
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Table 4.7. Correlation matrix of Japanese meat prices, 1965 to 1986 
Wagyu Beef IQ Beef* Pork Chicken Fish 
Wagyu Beef 1.0000 
IQ Beef 0.9745 1.0000 
Pork 0.9636 0.9521 1.0000 
Chicken 0.9627 0.9035 0.9361 1.0000 
Fish 0.9794 0.9406 0.9301 0.9576 
*IQ beef is import-quality beef, the combination of Japanese dairy beef 
and imported beef. 
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Table 4.8. ITSUR imposing net substitutability among meats 
Restrictions 
Restrictions Not Imposed For Imposed for 
WagyuBeef IQ Beef^ Pork Chicken Fish All Meats 
Percentage Acceptance 4.72 4.72 4.10 11.05 S.90 1.20 
Wagyu Beef 
Pork 
Fish 
Wagyu Beef -1.55 -1.71 -1.89 -1.84 -1.96 -1.16 
IQ Beef 0.15 0.18 0.27 0.26 0.37 0.13 
Pork 0.89 0.77 0.92 0.81 1.02 0.33 
Chicken 0.32 0.43 0.42 0.49 0.59 0.19 
Fish 0.19 0.33 0.27 0.29 -0.02 0.51 
Expenditure 
ïÇ 1.75 1.48 1.46 1.51 2.07 1.12 
Wagyu Beef 0.09 0.11 0.16 0.15 0.22 0.08 
IQ Beef -0.16 -0.90 -0.95 -0.60 -1.23 -0.99 
Pork 0.46 0.43 0.31 0.29 0.57 0.28 
Chicken 0.30 0.03 0.22 -0.16 0.33 0.16 
Fish 0.30 0.33 0.26 0.32 0.11 0.51 
Expenditure 2.11 2.12 2.14 2.03 2.38 1.29 
Wagyu Beef 0.30 0.26 0.31 0.27 0.34 0.11 
IQ Beef 0.26 0.24 0.17 0.16 0.32 0.13 
Pork •0.86 -0.75 -0.79 -0.6& -0.90 -0.84 
Chicken 0.09 0.07 -0.04 -0.07 0.10 0.11 
Fish 0.22 0.17 0.34 0.27 0.13 0.49 
Expenditure 0.55 0.64 0.49 0.54 0.64 0.89 
Wagyu Beef 0.15 0.20 0.19 0.22 0.27 0.09 
IQ Beef 0.23 0.02 0.17 0.12 0.25 0.12 
Pork 0.12 0.10 -0.05 -0.10 0.14 0.15 
Chicken -0.78 -0.66 -0.72 -0.54 -0.89 -0.87 
Fish 0.29 0.34 0.41 0.54 0.29 0.51 
Expenditure 1.71 1.72 1.61 1.49 1.82 1.18 
Wagyu Beef 0.02 0.03 0.02 0.03 -0.01 0.05 
IQ Beef 0.04 0.05 0.04 0.05 0.02 0.08 
Pork 0.06 0.05 0.09 0.07 0.03 0.13 
Chicken 0.06 0.07 0.08 0.11 0.04 0.10 
Fish -0.18 -0.19 -0.23 -0.25 -0.09 -0.35 
Expenditure 0.75 0.74 0.80 0.83 0.63 0.94 
*IQ beef is import-quality beef, the combination of Japanese dairy beef and imported beef. 
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Table 4.9. IT3SLS imposing net substitutability among meats 
Restrictions 
Restrictions Not Imposed For Imposed for 
Wagyu Beef IQ Beef^ Pork Chicken Fish All Meats 
Percentage Acceptance 0.06 27.41 0.61 49.66 0.05 0.05 
Wagyu Beef 
Wagyu Beef -2.24 -2.38 -2.32 -2.44 -2.48 -2.19 
IQ Beef 0.35 0.38 0.32 0.43 0.44 0.41 
Pork 0.67 0.44 0.78 0.40 0.71 0.54 
Chicken 0.37 0.63 0.37 0.63 0.42 0.37 
Fish 0.85 0.93 0.85 0.98 0.90 0.86 
Expenditure 0.75 0.73 0.72 0.71 0.75 0.77 
IQ Beef 
Wagyu Beef 0.21 0.23 0.19 0.26 0.26 0.25 
IQ Beef -0.92 -0.86 -0.93 -0.93 -0.98 -0.97 
Pork 0.23 0.19 0.08 0.28 0.22 0.21 
Chicken 0.04 0.36 0.04 -0.34 0.04 0.05 
Fish 0.45 0.80 0.61 0.73 0.46 0.46 
Expenditure 1.53 1.12 1.36 1.19 1.51 1.63 
Pork 
Wagyu Beef 0.23 0.15 0.26 0.13 0.24 0.18 
IQ Beef 0.13 0.11 0.04 0.15 0.12 0.12 
Pork -0.75 -0.67 -0.41 -0.56 -0.73 -0.76 
Chicken 0.04 0.07 -0.14 -0.03 0.05 0.06 
Fish 0.36 0.34 0.24 0.30 0.31 0.41 
Expenditure 0.92 0.98 1.06 1.01 0.98 0.94 
Chicken 
Wagyu Beef 0.17 0.29 0.17 0.28 0.19 0.17 
IQ Beef 0.03 -0.27 0.04 -0.26 0.03 0.04 
Pork 0.06 0.10 -0.19 -0.04 0.07 0.08 
Chicken -0.90 -0.80 -0.77 -0.75 -0.91 -0.90 
Fish 0.64 0.68 0.75 0.75 0.62 0.61 
Expenditure 1.12 1.07 1.02 1.01 1.15 1.11 
Fish 
Wagyu Beef 0.08 0.08 0.08 0.08 0.08 0.08 
IQ Beef 0.07 0.12 0.09 0.11 0.07 0.07 
Pork 0.10 0.10 0.07 0.08 0.08 0.11 
Chicken 0.13 0.14 0.15 0.15 0.12 0.12 
Fish -0.36 -0.43 -0.38 -0.42 -0.35 -0.38 
Expenditure 0.94 0.99 0.96 0.99 0.92 0.95 
^IQ beef is import-quality beef, the combination of Japanese dairy beef and imported beef. 
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This methodology can be used to indicate which of the meats is responsible for the high 
percentage of the replications that violate the restrictions. This indication is achieved by 
dropping the inequality restrictions for one meat at a time and then observing the change in the 
proportion of replications for which the substitutability restrictions are accepted while 
maintaining both the Slutsky symmetry and homogeneity restrictions. These results are presented 
in the first five columns of Tables 4.8 and 4.9. 
The first row of Table 4.8 indicates, for example, that only 4.72 percent of the replications 
satisfied the restriction that import-quality beef, pork, chicken meat, and fish are substitutes. 
When this restriction is imposed on all meats except chicken, however, 11.04 percent of the 
replications satisfy net substitutability. All cross-price elasticities are positive when no 
restrictions are placed on either import-quality or Wagyu beef. The IT3SLS results. Table 4.8, 
indicate that 27.42 percent of replications satisfied the restriction that Wagyu beef, pork, chicken 
meat, and fish are substitutes. The IT3SLS, Table 4.9, results also indicate that 49.66 percent 
of the replications satisfied the restriction that Wagyu beef, import-quality beef, pork, and fish 
are substitutes. All cross-price elasticities are positive when no restrictions are placed on Wagyu 
beef or fish. Hence, there is some evidence that chicken and import quality beef are 
complementary to at least one of the other meats. 
Overall, the three-stage estimations seem more satisfactory than do the ITSUR results-
fewer instances of complementarity and generally smaller standard errors, for example. However, 
the choice of instruments affects the estimates of the IT3SLS results as Gallant (1977) predicted. 
The Wagyu beef-fish cross-price elasticities, the pork expenditure elasticities, and import-quality 
beef-pork cross-price elasticities are particularly sensitive to the choice of instruments. The 
own-price elasticities seem to be relatively stable. Thus, gains seem to be possible from the 
three-stage estimation, but the results are somewhat dependant upon the choice of instruments. 
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Estimated Parameters of the Model 
The estimated parameters, t-statistics, and elasticities of the supply system and the demand 
system are presented in Table 4.10. The demand system used in the Japanese livestock industry 
model is the IT3SLS version of the LA/AIDS with chicken meat assumed to be exogenous. The 
statistic and the Durbin Watson (DW) or Durbin H (DH) statistics are also presented. Table 
4.10 lists the variable names and the definitions used. 
Equation (4.1) (Table 4.10) follows the specification of (3.33) in which the exogenous 
variable included is the number of Wagyu cattle used for draft purposes. The elasticity with 
respect to the carcass price of Wagyu steers divided by Wagyu feed price, WSTPC/WFDP, is quite 
small at 0.008. The government stabilization price of Wagyu steer carcasses is included to more 
accurately reflect the responsiveness of producers to government policy. Because the government 
announces the stabilization price and buys and sells beef to keep the wholesale prices of Wagyu 
and dairy steer carcass beef to within their respective stabilization bands, Wagyu cattle producers 
view the government price rather than market prices as the primary indicator of price 
movements. The producers know that if prices rise above the stabilization band, the government 
will act to reduce prices. The t-statistics of the estimated price coefficients, 0.1 for WSTPC and 
2.9 for WABPG, support the hypothesis that Wagyu producers respond to the government prices 
rather than to market prices. 
The number of Wagyu calves raised, (4.2) WACR, is calculated as the Wagyu calving rate 
times the beginning inventory of the Wagyu breeding herd. Equation (4.3) explains Wagyu steer 
and heifer inventories. The equation indicates that, for a one-month decrease in the feeding 
period (WSHFED), the inventories will decrease by 13.88 thousand head. 
Equations (4.4) to (4.9) are identities that calculate Wagyu cattle slaughter, beef supply, 
beef disappearance, expenditure per capita, expenditure share, and Wagyu beef retail-wholesale 
price margin. The variable CI in (4.6) is the conversion ratio from wholesale carcass basis to 
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Table 4.10. Equations in the Japanese livestock industry nxodel^ 
Cattle and Beef Sector 
(4.1) WCHH = 357.0 + 0.042 (WSTPC/WFDP) + 1.068 WCHH.^ 0.747 WCHH.» 
(3.0) (.10) (6.07) (-5.17) 
[0.008][1.0691 [-0.749] 
+ 1.717 WDRFT - 0.349 WDRFT., + 0.418 WABPG = 0.95 
(1.73) (-0.48) (2.90) DH = -.82 
[0.113] [-0.023] [0.054] 
(4.2) WACR = WCALR • WCHH*.! 
(4.3) WSHH = 130.59 + 0.38 (WACR + WACR.. + WACRt.2)+ 13.88 WSHFED R^ = 0.81 
(1.77) (7.56) (5.41) DW = 0.99 
[0.594] [0.264] 
(4.4) WACSL » WCHH^.! + WSHH^.i + WACR - WCHH - WSHH - CAWSL 
(4.5) WABS = WACQ • WACSL 
(4.6) WABD » CI (WABS + VEWS) 
(4.7) WABE = (BEEPR • WABD)/POP 
(4.8) WABES = WABE/MEAE 
(4.9) WABMR = WABPR - WSTPC 
(4.10) WSTPC = 169.7 + 0.5457 BEEPR- 0.023 (WCHHt.+WSHH. .+DCHH. .+DSHHt .) 
(1.63) (9.18) (-1.39) 
[0.876] [-0.063] 
- 0.066 HOUNW., + 0.183 BEEPM + 0.065 WABPG R^ = 0.99 
(-1.5) (1.98) (1.61) DW = 1.89 
[-0.025] [0.070] [0.0412] 
(4.11) DCHH = 236.77 + 0.75 (DSTPC/DFDP) + 1.35 DCHH. .- 0.565 DCHH.» 
(2.48) (1.76) (7.86) (3.40) 
[0.047] [1.349] [-0.563] 
+ 1.93 (MILPF/DFDP) - 1.337 (MILPF.i/DFDP. .) 
(1.14) (-1.10) 
[0.107] [-0.074] 
+ 0.425 DABPG R^ = 0.98 
(1.65) DH = -.62 
[0.022] 
^Numbers in parentheses are t-statistics. Numbers in brackets are elasticities. A lag of i 
periods is indicated by (t-i). 
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Table 4.10. (Continued) 
(4.12) DACR = DCALR • DCHHj.j 
(4.13) DSHH = - 495.71 + 1.004 (DACR + DACR.,) R2 = 0.89 
(-4.14) (13.94) DW»1.27 
[1.429] 
(4.14) DACSL o DCHHt.i + DSHH^.i + DACR - DCHH - DSHH - CADSL + CATM 
(4.15) DABS = DACQ • DACSL 
(4.16) DABD = C2 (DABS + BEEM/.7035 + VEDS + BEEHG^.i - BEEHG) 
(4.17) DABE = (BEEPR • DABD)/POP 
(4.18) DABES = DABE/MEAE 
(4.19) DABMR = DABPR - DSTPC 
(4.20) DSTPC = 125.4 + 0.545 WSTPC R^ = 0.95 
(2.97) (21.61) DW=1.92 
[0.871] 
(4.21) BEEPR = - 61.28 + 0.957 (WABPR + DABPR)/2 R2 = 0.98 
(46.92) (.033) DW=1.65 
[1.025] 
(4.22) LN(BEEPM/USCPI) =0.829+ 0.053 LN(BEEM) R2= 0.76 
(4.82) (1.22) DW = 0.52 
[18.85] 
(4.23) BEET = (DSTPC - Cl BEEPM)/ (Cl BEEPM) 
Hog and Pork Sector 
(4.24) SOWH = 115.91 + 5.361 (HOGPF/CORP) + 0.968 SOWH. 0.194 SOWH.-
(1.22) (0.86) (5.13) (-1.29) 
[0.059] [0.964] [-0.192] 
+ 4.331 (PORPG/CORP) r2 = 0.94 
(2.06) DH = 0.59 
[0.0714] 
(4.25) HOGR = PIGR • SOWH^.j 
(4.26) BAGH = 892.56 + 0.422 HOGR + 0.81 p R^ » 0.97 
(0.82) (7.63) (4.92) DW-2.31 
[0.893] 
(4.27) HOGSL = SOWHj.j + BAGH^.i + HOGR - SOWH - BAGH + HOGM 
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Table 4.10. (Continued) 
(4.28) HOGMW = 18.001 + 0.322 HOGPC + 8.247 WPI R2 = 0.91 
(1.47) (10.23) (0.96) DW = 2.19 
[0.254] [0.063] 
(4.29) HOGPF = HOGPC - HOGMW 
(4.30) PORMR-103.64 + 0.62 HOGPQ- 282.5 WPI R^ = 0.96 
(-2.25) (5.87) (8.90) DW=1.19 
(4.31) HOGPC = 977.80 + 0.223 PORPG - 0.050 (SOWH, . + BAGH. ,) 
(2.19) (0.85) (-2.06) 
[0.210] [-0.757] 
0.119 (PORPM + PORLV) - 0.62 HOUH., R2 = 0.81 
(0.84) (-1.13) DW = 0.92 
[0.148] [-0.285] 
(4.32) PORM = - 128.38 + 0.479 PORPM + 0.488 USCPI R^ = 0.96 
(-3.19) (3.17) (1.31) DW = 1.09 
[3.30] [0.942] 
(4.33) PORS = HOGQ • HOGSL 
(4.34) PORE = PORES • MEAE 
(4.35) PORD = (PORE/POP)/PORPR 
(4.36) PORM » PORD - PORS 
(4.37) PORL = PORPG/C3 - PORPM, if PORPM < (PORPG / (1 + PORT)) 
PORL o PORPM • PORT, if PORPM > (PORPG / (1 + PORT)) 
(4.38) PORT = (HOGPC - C3 PORPM)/ (C3 PORPM) 
Chicken and Chicken Meat Sector 
(4.39) CHMS = - 1549.9 + 1.229 CHMPR/CORP + 0.594 CHMS. , + 24.82 TIME R^ = .997 
(-2.62) (1.32) (3.69) (2.61) DH=1.27 
[0.041] [0.584] [2.182] 
(4.40) CHMPR =- 128.06 + 3.502 CHMPM R2 = 0.626 
(-0.84) (7.22) DW=1.19 
[1.1756] 
(4.41) CHMM = - 93.01 + 4.558 CHMPM R2 = 0.37 
(-1.73) (2.62) DW = 0.45 
[3.004] 
(4.42) CHME = CHMES • MEAE 
(4.43) CHMD a (CHME • POP) / CHMPR 
Table 4.10. (Continued) 
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(4.44) CHMM = CHMD - CHMS 
Fish Sector 
(4.45) FISE a MEAE - WABE - DABE - PORE - CHME 
(4.46) PISES = FISE/MEAE 
Meat Demand System 
(4.47) LN(MPI) = WABES LN(WSTPC) + DABES LN(DSTPC) + PORES LN(PORPR) 
+ CHMES LN(CHMPR) + FISES LN(FISPR) 
(4.48) WABES = 0.057 - 0.076 LN(WSTPC) + 0.016 LN(DSTPC) + 0.013 LN(PORPR) 
(36.92) (1.09) (0.87) 
[-2.381 [0.393] [0.400] 
+ 0.027 LN(CHMPR) + 0.020 LN(FISPR)- 0.016 LN(MEAE/MPI)+ 0.362 p R^ = 0.92 
(2.75) (1.73) (-1.56) (2.99) DW= 1.06 
[0.620] [0.971] [0.704] 
(4.49) DABES = 0.071 + 0.160 LN(WSTPC) + 0.001 LN(DSTPC) + 0.004 LN(PORPR) 
(22.84) (0.23) 
[0.237] [-0.899] [0.201] 
- 0.040 LN(CHMPR) + 0.018 LN(FISPR)+ 0.012 LN(MEAE/MPI)+ 0.362 p R^ = 0.82 
(-4.00) (1.07) (0.60) (2.99) DW= 2.70 
[-0.340] [0.795] [1.132] 
(4.50) PORES o 0.181 + 0.013 LN(WSTPC) + 0.004 LN(DSTPC) + 0.057 LN(PORPR) 
(38.90) 
[0.135] [0.116] [-0.483] 
- .024 LN(CHMPR) - 0.050 LN(FISPR)+ 0.006 LN(MEAE/MPI)+ 0.362 p R^ = 0.55 
(-1.60) (-2.08) (0.19) (2.99) DW =2.21 
[-0.037] [0.269] [1.038] 
(4.51) CHMES =0.107 + 0.027 LN(WSTPC) - 0.040 LN(DSTPC) - 0.024 LN(PORPR) 
(65.16) 
[0.285] [-0.259] [-0.050] 
+ 0.018 LN(CHMPR) + 0.019 LN(FISPR)+ 0.001 LN(MEAE/MPI)+ 0.362 p R^= 0.74 
(1.95) (0.04) (2.99) (2.99) DW= 1.76 
[-0.730] [0.753] [1.003] 
(4.52) FISES = 0.584 + 0.020 LN(WSTPC) + 0.018 LN(DSTPC) - 0.050 LN(PORPR) 
[0.035] [0.031] [-0.084] 
+ 0.019 LN(CHMPR) - 0.008 LN(FISPR)- 0.002 LN(MEAE/MPI) 
[0.035] [-1.010] [0.996] 
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Table 4.11. Definitions of variables^ 
Jointly Determined Variables 
BAGH Ending inventories of barrows and gilts (Jan. 31), 1000 hd. 
BEEPR. Retail price of beef, yen/kg. 
BEEPM Import unit value of beef, yen/kg. Average of unit import values of beef from all 
sources, weighted by import shares. 
BEES Total production of beef, 1000 mt. 
BEET Tariff equivalent of the beef import quota, percent. 
CHMD Disappearance of chicken meat, 1000 mt. 
CHME Per capita expenditures on chicken meat, 1000 yen. 
CHMES Chicken meat share of total meat expenditures, percent. 
CHMM Net imports of chicken meat, 1000 mt. 
CHMPR Retail price of chicken meat, yen/kg. 
CHMS Production of chicken meat (carcass weight), 1000 mt. 
DABD Disappearance of import-quality meat (dairy beef + imported beef + other beef), 1000 
mt. 
DABE Per capita expenditures on import-quality beef, 1000 yen. 
DABES Import-quality beef share of total meat expenditures, percent. 
DABMR Wholesale-retail dairy beef price margin. 
DABSP Production of dairy beef (carcass weight), 1000 mt. 
DACSL Slaughter of dairy cattle, 1000 hd. 
DACR Number of dairy cattle raised, 1000 hd. Calculated as dairy cattle and calf slaughter 
and ending inventories less beginning inventories, 
DCHH Ending inventories of dairy cows and heifers over 2 years old (Jan. 31), 1000 hd. 
DSHH Ending inventories of all dairy steers and all dairy heifers less than 2 years old 
(Jan. 31), 1000 hd. 
FISE Per capita expenditures on fish, 1000 yen. 
FISES Fish share of total meat expenditures, percent. 
HOGPC Wholesale carcass price of pork, yen/kg. 
HOGPF Farm price of hogs, yen/kg. 
HOGR Number of hogs raised, 1000 hd. Calculated as hog slaughter and ending inventories 
less beginning inventories. 
HOGSL _S!aughter-of-hogs, 1000 hd. 
MEAE " Total expenditures on meat, 1000 yen. 
MPI Meat price index. 
PORD Disappearance of pork, 1000 mt. 
PORM Net imports of pork, 1000 mt. 
PORPM Import unit value of pork, yen/kg. 
PORPR Retail price of pork, yen/kg. 
PORS Production of pork (carcass weight), 1000 mt. 
PORT Tariff equivalent of the pork variable levy, percent. 
SOWH Ending inventories of sows (Jan. 31), 1000 hd. 
WABD Disappearance of Wagyu beef, 1000 mt. 
WABE Per capita expenditures on Wagyu beef, 1000 yen. 
WABES Wagyu beef share of total meat expenditures, percent. 
WABS Production of Wagyu beef (carcass weight), 1000 mt. 
WABMR Wholesale-retail Wagyu beef price margin. 
WACR Number of Wagyu cattle raised, 1000 hd. Calculated as Wagyu cattle slaughter and 
ending inventories less beginning inventories. 
^All data are calendar year unless otherwise stated. 
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Table 4.11. (Continued) 
Jointly Determined Variables (continued) 
WACSL Slaughter of Wagyu cattle, 1000 hd. 
WCHH Ending inventories of Wagyu cows and heifers over 2 years old (Jan. 31), 1000 hd. 
WSHH Ending inventories of all Wagyu steers and all Wagyu heifers less than 2 years old 
(Jan. 31), 1000 hd. 
Exogenous and Predetermined Variables 
DCALR Average calving rate for dairy cattle, calculated as DACR/DCHHt.j. 
BEEHG Ending inventories of government stocks of beef (Jan 31), 1000 mt. 
BEEM Net imports of beef, 1000 mt. 
CI Wagyu beef conversion factor, wholesale - retail conversion ratio • 0.98 waste factor. 
C2 Import-quality beef conversion factor, wholesale - retail conversion ratio • 0.98 waste 
factor. 
C3 Pork conversion factor, wholesale - retail conversion ratio • 0.98 waste factor. 
C4 Chicken meat conversion factor, wholesale - retail conversion ratio # 0.98 waste 
factor. 
CADSL Slaughter of dairy calves, 1000 hd. 
CATM Cattle imports, 1000 hd. 
CAWSL Slaughter of Wagyu calves, 1000 hd. 
CORP Wholesale price of corn, yen/kg (Japan fiscal year. Mar/Apr). 
DACQ Average sûiughter weight of dairy cattle, 1000 kg/hd. 
DCALR Average calving rate of dairy cattle, calculated as DACR/DCHH^.^. 
DFDP Price of a complete mixed feed for feeding dairy cattle, yen/kg. 
FISPR Retail price of fish, index 1967 = 100. 
HOGM Net imports of live hogs, 1000 mt. 
HOGQ Average slaughter weight of hogs, 1000 kg/hd. 
HOUH Number of households raising hogs (end of year), 1000 farms. 
HOUW Number of households raising Wagyu cattle (end of year), 1000 farms. 
MILPF Average farm price of milk, yen/kg. 
PIGR Average birth rate of hogs, calculated as HOGR/HOGH^.j. 
POP Population, millions of inhabitants. 
WACQ Average slaughter weight of Wagyu cattle, 1000 kg/hd. 
WPI Wholesale price index, 1967 = 100. 
WSHFED Average length of feeding period for Wagyu steers and heifers, 
p Autocorrelation correction term. 
TIME Time trend, 1962 = 62, 1963 = 63 1986 = 86. 
USCPI U. S. consumer price index, 1967 = 100. 
VEDS Production of dairy calf veal (carcass weight), 1000 mt. 
VEWS Production of Wagyu calf veal (carcass weight), 1000 mt. 
WCALR Average calving rate of Wagyu cattle, calculated as WACR/WCHHj.j. 
WDRFT Approximation of Wagyu cattle used for draft purposes, calculated as (number of draft 
cattle in 1950) • (number of horses in current year/number of horses in 1950) as 
suggested by Hayami and Ruttan (1985). 
WFDP Price of a complete mixed feed for fattening Wagyu cattle, yen/kg. 
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retail cuts basis presented in Table 2.2 and adjusted to include a 2 percent waste factor. The 
variables C2, C3, and C4 are the conversion factors for imported beef, pork, and chicken, 
respectively. 
Wagyu steer carcass price (4.10) is estimated as a government policy function. The price 
is manipulated by the Japanese government to stabilize prices and protect producer incomes. 
Policymakers focus on the retail beef price, beginning inventories of Wagyu and dairy cattle, the 
number of households raising Wagyu cattle at the beginning of the period, the unit value of beef 
imports, and the announced Wagyu beef stabilization price (WiUiams, 198S). For each one-unit 
increase in retail beef prices, the Wagyu steer carcass price increases by 0.5447. If inventories 
of cattle or the number of households raising Wagyu cattle begin to decline, the government 
responds by increasing the Wagyu steer carcass price. In addition, if the unit value of beef 
imports increases by one unit, the Wagyu steer price is increased. The government stabilization 
price of Wagyu beef, the buying and selling of government stocks of beef, and the beef import 
quota are the tools that the government uses to manipulate the Wagyu steer carcass price. 
Equation (4.11) explains the dairy cattle breeding herd. The estimated equation is similar 
to the Wagyu breeding herd equation except that milk price is included. Dairy cattle producers 
are more responsive to market price changes than are Wagyu producers. However, dairy cattle 
producers are more responsive to changes in milk prices than to the market price. This result is 
as expected because only 10 percent of producer revenues are from the sale of calves (BAE, 
1985). The estimated elasticity with respect to the real dairy steer carcass price is 0.047. The 
short-run elasticity with respect to the real farm price of milk is 0.107. The elasticity with 
respect to the real government price is 0.022. Thus, a one-unit change in the producer price of 
milk will have more effect on dairy breeding inventories than will a one-unit change in either 
dairy steer carcass price or the government stabilization price. Since the beef price stabilization 
program targets Wagyu producers and the dairy beef stabilization price is derived from the Wagyu 
stabilization price, it seems reasonable that dairy producers would be less responsive to changes 
in the stabilization price. 
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Equation (4.12) calculates the number of dairy calves raised. Equation (4.13) estimates the 
dairy steer and heifer inventories as a function of the number of calves raised during the current . 
period and during the period just previous to the current period. Equations (4.14) to (4.19) are 
identities that calculate the number of dairy cattle slaughtered, the supply of dairy beef, the 
disappearance of import-quality beef (the combination of domestic dairy beef and imported 
beef), import-quality beef expenditures, import-quality beef expenditure share, and the dairy 
beef retail-wholesale price margin. Domestic dairy beef and imported beef are assumed to be 
equivalent in the model. 
Dairy steer carcass price (4.20) is estimated as a function of the Wagyu steer carcass price. 
Dairy steer carcass price increases by 0.545 yen for a one yen increase in Wagyu steer carcass 
price. Retail beef price (4.21) is estimated as a function of the average of the Wagyu and dairy 
beef price. 
The relationship between the price of imported beef and beef imports is estimated by 
(4.22). This relationship represents the world excess beef supply. The estimated flexibility is 
0.053. The calculated elasticity is 18.85. The beef import tariff, BEET (4.23), is calculated as 
the difference between dairy steer carcass price and the world beef price (carcass equivalent of 
the beef import unit value) relative to the world beef price. 
The hog and pork sector includes behavioral equations for breeding herd inventories, 
barrow and gilt inventories, the wholesale pork carcass price, the margin between wholesale and 
farm price, and the margin between wholesale and retail prices. Identities calculate the number 
of hogs raised (4.25), the number of hogs slaughtered (4.27), the farm price of hogs (4.30), the 
retail price of pork (4.32), pork supply (4.34), the disappearance of pork (4.35), expenditures on 
pork (4.36), and pork imports (4.37). Equation (4.24) estimates the hog breeding herd ending 
inventory and follows the specification of (3.33). The short-run elasticity with respect to the 
farm price of hogs is 0.059. The elasticity with respect to the government stabilization price is 
0.0714. Hog producers appear to be more responsive to changes in the government stabilization 
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price for hogs than to the market price for hogs. Equation (4.26) estimates the ending inventory 
of barrows and gilts as a function of the number of hogs raised. 
The wholesale carcass price of hogs (4.28) is estimated as a function of the government 
pork stabilization price, lagged inventories of the breeding herd and barrows and gilts, the import 
unit value of pork plus the import levy, and the number of households raising hogs. The 
government manipulates the wholesale carcass price to affect producer prices by adjusting the 
stabilization price or by changing the import levy (Williams, 1985). The government also 
considers the beginning inventories of hogs and the number of households raising hogs when 
adjusting the wholesale price. Equation (4.29), the wholesale farm price margin, is a function 
of the wholesale carcass price of hogs and the wholesale price index. As the wholesale carcass 
price increases by one unit, the margin increases by 0.62. As the wholesale price index, a proxy 
for wholesale costs, increases by one unit, the margin increases by 282.5. The farm price of hogs 
is calculated as the wholesale price less the wholesale-farm price margin. The retail-wholesale 
price margin (4.31) is also a function of the wholesale carcass price of hogs and the wholesale 
price index. The retail pork price (4.32) is calculated as the wholesale carcass price of hogs plus 
the retail-wholesale price margin. The relationship between pork imports and the world pork 
price is estimated in (4.33). The estimated elasticity of excess world pork supply with respect to 
the world pork price is 3.3. 
If the import price is less than the standard import price—the government price divided 
by 1 plus the import tariff, the pork import levy is calculated as the difference between the 
government pork price and the import price of pork in equation (4.37). If the import price is 
greater than the standard import price, the pork levy is calculated as the import tariff times the 
import price. Pork imports are calculated as pork disappearance less pork production. 
Chicken meat production (4.40) is a function of the retail price of chicken meat divided 
by the price of corn, lagged chicken meat production, and time. The elasticity with respect to 
chicken meat price is 0.041. Time is a proxy for technical change. Chicken meat price (4.41) is 
a function of the import price of chicken meat. Chicken meat imports (4.42) are a function of 
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the import price of chicken meat. The elasticity with respect to the import price is 3.004. 
Equations (4.43) to (4.45) calculate chicken meat expenditures, chicken meat demand, and 
chicken meat imports. 
Expenditures on fish (4.46) are calculated as total meat expenditures less the sum of 
expenditures on other meats. Equation (4.47) calculates fish expenditure share. The meat price 
index, (4.48), is calculated according to the specification of (3.9). The meat demand system, 
(4.49) to (4.53), which is estimated using IT3SLS, assuming that chicken meat is exogenous, is 
included for completeness. 
Model Validation 
The model validation statistics include root mean squared percentage error (RMSE), Theil 
simulation statistics, and dynamic multipliers. The statistics and multipliers are calculated from 
simulations of the Japanese livestock industry model using the estimated IT3SLS demand system. 
The RMSE and Theil statistics are standard output of the SAS nonlinear simulation 
procedure (SIMNLIN). The RMSE measures the deviation, in percentage terms, of the simulated 
variable from its actual time path (Pindyck and Rubinfeld, 1976, p. 362). The Theil statistics 
include the bias proportion (UM), the regression proportion (UR), and the disturbance proportion 
(UD) decomposition of the mean squared error (MSE), (Maddala, 1977, pp. 344-47). The RMSE 
and Theil statistics are presented in Table 4.11. 
The RMSE statistics are relatively small except for the calculated pork import tariff, 
PORT. The RMSE statistics are not reported for pork or chicken meat imports because these 
imports were zero or insignificant until the early 1970s and the calculated RMSE statistics are 
meaningless. The Theil statistics, except for the pork and chicken meat import equations, appear 
to be reasonable. 
Dynamic multipliers measure the dynamic response of the model to changes of the 
exogenous assumption of the model and provide an indication of the stability of the simulation 
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model over time. The first-period multipliers are the impact multipliers, which measure the 
initial impact of the change. The sums of the dynamic multipliers over a period of time are the 
total long-run multipliers (Pindyck and Rubinfeld, 1976, p. 392). The dynamic multipliers are 
calculated by simulating the impacts of a 10-unit increase in beef imports in 1970. The dynamic 
multipliers for a nonlinear model depend upon the size of the variation of the exogenous 
assumption (Pindyck and Rubinfeld, 1976, p. 393). The multipliers, rebased to a one-unit (1,000 
mt) increase, for 1970 to 1986 are presented in Table 4.12. The multipliers provide a reasonable 
approximation of the effects over time of a 1,000 mt increase in the beef import quota. 
The multipliers indicate that the retail price of import-quality beef will fall by 6.3 yen/kg 
in the first year because of a one-unit (1,000 mt) increase in the quota, or 63 yen/kg for a 10,000 
mt increase. The dynamic multiplier indicates that the total impact will beta 56.7 yen/kg decrease 
for a 10,000 mt increase in beef imports. The impact multiplier indicates that the retail price of 
Wagyu beef will fall 13 ken/kg in the first period and 11.2 yen/kg over the 17-year period for 
a 10-unit increase in the beef import quota. The retail beef price, which is a combination of 
both Wagyu and dairy beef, falls by 36 yen/kg initially and 32.5 yen/kg over the period because 
of a 10-unit increase in beef imports. Retail chicken meat price (CHMPR) increases by 1.8 
yen/kg in the first period of a 10 unit increase in beef imports because of the complementarity 
between chicken meat and import-quality beef, see Table 4.4. 
Wagyu steer carcass price, which is manipulated by the government, decreases by 18.7 
initially and by 16.3 over the period for a 10-unit increase in beef imports. The dairy steer 
carcass price decreases less because it is manipulated by the government as a function of the 
Wagyu steer carcass price. The breeding herd inventories of Wagyu cattle, dairy cattle, or hogs 
do not change much because of an increase in imports because the breeding herds do not exhibit 
much market price responsiveness to government price intervention efforts. Import-quality beef 
disappearance increases by 650 mt over the period because of a 1,000 mt increase in the quota. 
The change is less than the increase in imports because imports are assumed to be on a carcass 
basis. Wagyu beef disappearance increases initially but decreases for the period. The beef import 
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Table 4.11 RMSE and Theil statistics 
RMS% BIAS REG DIST VAR COVAR U1 U 
Errer (UM) (UR) (UD) (US) (UC) 
WABE 9.27972 0.003 0.017 0.979 0.070 0.927 0.0988 0.0498 
DABE 12.42341 0.001 0.022 0.978 0.056 0.944 0.0894 0.0450 
PORE 5.85129 0.014 0.118 0.868 0.082 0.904 0.0488 0.0243 
CHME 10.65169 0.002 0.006 0.992 0.000 0.998 0.0704 0.0352 
WABES 9.27972 0.000 0.109 0.891 0.007 0.993 0.0880 0.0440 
DABES 12.42341 0.002 0.000 0.997 0.073 0.924 0.1212 0.0606 
PORES 5.85129 0.001 0.028 0.971 0.292 0.707 0.0589 0.0295 
CHMES 10.65174 0.005 0.572 0.423 0.093 0.902 0.1041 0.0522 
MPI 2.67483 0.059 0.001 0.941 0.003 0.938 0.0199 0.0100 
WSTPC 14.92287 0.007 0.037 0.956 0.000 0.993 0.1282 0.0638 
DSTPC 15.28180 0.009 0.040 0.951 0.000 0.990 0.1288 0.0641 
WABPR 8.40094 0.002 0.006 0.992 0.001 0.997 0.0738 0.0370 
DABPR 30.55533 0.021 0.328 0.651 0.051 0.928 0.2632 0.1281 
FISE 2.28520 0.000 0.004 0.996 0.007 0.993 0.0160 0.0080 
WABD 14.29755 0.001 0.121 0.878 0.000 0.999 ^.1251 0.0624 
DABD 17.36234 0.001 0.112 0.887 0.044 0.955 0.1119 0.0556 
FISES 2.28520 0.002 0.062 0.935 0.306 0.692 0.0226 0.0113 
WACR 5.06032 0.007 0.176 0.817 0.082 0.911 0.0509 0.0254 
DACR 2.04385 0.120 0.102 0.778 0.134 0.746 0.0187 0.0094 
WACS 14.32564 0.001 0.144 0.855 0.001 0.998 0.1234 0.0616 
DACSL 24.34538 0.001 0.154 0.846 0.023 0.977 0.1765 0.0877 
WCHH 5.10339 0.010 0.416 0.574 0.206 0.784 0.0499 0.0249 
DCHH 2.04398 0.085 0.020 0.895 0.050 0.865 0.0196 0.0098 
WSHH 6.30835 0.004 0.028 0.967 0.024 0.972 0.0632 0.0315 
DSHH 10.58691 0.011 0.007 0.982 0.076 0.914 0.0893 0.0450 
WABS 14.32564 0.001 0.099 0.900 0.000 0.999 0.1259 0.0628 
DABS 24.34538 0.001 0.095 0.904 0.016 0.982 0.1572 0.0781 
HOGR 6.87233 0.201 0.166 0.633 0.237 0.562 0.0564 0.0279 
HOGS 7.41113 0.216 0.097 0.686 0.161 0.622 0.0595 0.0294 
PORPR 8.33424 0.070 0.038 0.892 0.002 0.928 0.0769 0.0388 
PORS 7.41113 0.209 0.083 0.708 0.132 0.660 0.0574 0.0284 
PORD 5.38153 0.279 0.000 0.721 0.002 0.720 0.0430 0.0213 
HOGPF 16.13260 0.046 0.047 0.906 0.014 0.940 0.1438 0.0731 
HOGPC 13.92167 0.047 0.036 0.917 0.012 0.941 0.1228 0.0623 
SOWH 6.96340 0.165 0.252 0.584 0.361 0.474 0.0582 0.0288 
BAGH 8.35203 0.212 0.090 0.698 0.181 0.607 0.0740 0.0365 
CHMD 11.68317 0.017 0.099 0.884 0.045 0.938 0.0875 0.0433 
CHMS 4.02945 0.012 0.011 0.977 0.005 0.984 0.0300 0.0150 
CHMPR 12.16743 0.002 0.115 0.883 0.000 0.998 0.1194 0.0599 
PORM -a 0.001 0.612 0.387 0.335 0.664 0.4917 0.2273 
CHMM -a 0.019 0.821 0.160 0.359 0.622 1.4658 0.5256 
BEEPR 14.60287 0.009 0.047 0.944 0.000 0.991 0.1286 0.0639 
WABMR 7.67496 0.046 0.051 0.903 0.016 0.938 0.0699 0.0352 
DABMR 45.54506 0.024 0.573 0.403 0.153 0.823 0.3990 0.1889 
PORMR 7.00673 0.043 0.071 0.885 0.019 0.937 0.0731 0.0368 
HOGMW 12.67298 0.028 0.010 0.962 0.041 0.932 0.1176 0.0595 
PORT 95.91791 0.053 0.010 0.938 0.068 0.879 0.4330 0.2331 
'Not meaningful. 
Table 4.12 Dynamic multipliers from a one-unit increase in beef imports 
Year WABPR DABPR BEEPR PORPR CHMPR WSTPC DSTPC HOGPC 
1970 -1.3040 -6.3083 -3.6440 -0.0808 0.1846 -1.8670 -1.0175 -0.0497 
1971 -0.0076 -0.0510 -0.0281 0.0015 -0.0046 -0.0126 -0.0069 0.0009 
1972 0.0235 0.0183 0.0200 0.0069 -0.0034 0.0161 0.0088 0.0043 
1973 0.0529 0.1472 0.0958 0.0080 -0.0045 0.0593 0.0323 0.0049 
1974 0.0578 0.2160 0.1310 0.0028 -0.0050 0.0774 0.0422 0.0018 
1975 0.0394 0.2233 0.1258 0.0017 -0.0052 0.0727 0.0396 0.0010 
1976 0.0269 0.1490 0.0842 0.0031 -0.0048 0.0484 0.0264 0.0019 
1977 0.0106 0.1206 0.0628 0.0016 -0.0031 0.0349 0.0190 0.0010 
1978 0.0025 0.0223 0.0119 0.0005 -0.0005 0.0058 0.0032 0.0003 
1979 0.0067 -0.0269 -0.0097 0.0000 0.0010 -0.0065 -0.0035 0.0000 
1980 0.0007 -0.0522 -0.0247 -0.0004 0.0014 -0.0147 -0.0080 -0.0002 
1981 -0.0059 -0.0565 -0.0299 -0.0005 0.0011 -0.0174 -0.0095 -0.0003 
1982 -0.0141 -0.0395 -0.0257 -0.0005 0.0007 -0.0148 -0.0080 -0.0003 
1983 -0.0165 -0.0254 -0.0201 -0.0005 0.0002 -0.0114 -0.0062 -0.0003 
1984 -0.0088 -0.0118 -0.0099 -0.0002 0.0001 -0.0054 -0.0030 -0.0001 
1985 0.0008 0.0008 0.0008 0.0001 -0.0000 0.0006 0.0003 0.0001 
1986 0.0065 0.0074 0.0066 0.0003 -0.0000 0.0039 0.0021 0.0002 
Total -1.1286 -5.6667 -3.2532 -0.0564 0.1580 -1.6307 -0.8887 -0.0345 
Year WCHH DCHH SOWH WABD DABD PORD CHMD WABS 
1970 -0.0108 0.0000 -0.0080 0.0021 0.7255 -0.1216 0.0256 0.0030 
1971 -0.0116 -0.0024 -0.0075 -0.0007 0.0073 -0.0019 0.0038 -0.0009 
1972 -0.0042 -0.0056 -0.0051 -0.0027 -0.0019 -0.0027 0.0020 -0.0038 
1973 0.0045 -0.0065 -0.0029 -0.0023 -0.0214 0.0006 0.0008 -0.0032 
1974 0.0083 -0.0031 -0.0017 -0.0011 -0.0302 0.0061 0.0001 -0.0016 
1975 0.0057 0.0024 -0.0010 0.0007 -0.0206 0.0038 -0.0002 0.0010 
1976 0.0001 0.0047 -0.0004 0.0016 -0.0191 0.0021 -0.0004 0.0023 
1977 -0.0041 0.0038 -0.0001 0.0012 -0.0109 0.0010 -0.0003 0.0017 
1978 -0.0044 0.0003 0.0000 0.0002 -0.0021 0.0001 -0.0001 0.0002 
1979 -0.0017 -0.0025 0.0000 -0.0008 0.0032 -0.0001 0.0010 -0.0012 
1980 0.0015 -0.0028 0.0000 -0.0009 0.0061 -0.0005 0.0002 -0.0013 
1981 0.0027 -0.0012 -0.0000 -0.0005 0.0064 -0.0007 0.0002 -0.0007 
1982 0.0018 0.0008 -0.0001 0.0002 0.0050 -0.0008 0.0001 0.0003 
1983 -0.0002 0.0016 -0.0001 0.0006 0.0035 -0.0008 0.0001 0.0009 
1984 -0.0015 0.0012 -0.0001 0.0004 0.0015 -0.0004 0.0000 0.0006 
1985 -0.0015 -0.0001 -0.0001 -0.0000 -0.0001 -0.0000 0.0000 -0.0001 
1986 -0.0005 -0.0010 -0.0000 -0.0003 -0.0011 0.0003 0.0000 -0.0005 
Total -0.0159 -0.0104 -0.0271 -0.0023 0.6511 -0.1155 0.0329 -0.0033 
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value increases by 6.6 yen/kg in the first period because of a 10-unit increase in the beef import 
quota. The price does not change in subsequent periods because beef imports do not change from 
their historical values. 
Overall, the impact multipliers indicate that the Japanese livestock industry model is not 
responsive to changes in beef imports because of government intervention and the lack of 
responsiveness to changes in market prices. Retail prices change by a significant amount, but 
because of government intervention policies at the wholesale level, there is little change in the 
wholesale level prices and very little change in the breeding herds. This result would indicate 
that, since producers are not highly responsive to market price changes that a small increase the 
beef import quota, there will be little response, assuming that government policies at the farm 
level do not change. 
The multipliers also indicate that counterintuitive outcomes result from complementarity 
in the demand system. For example, chicken meat price exhibits a negative cross price elasticity 
with import-quality beef and the retail chicken meat multiplier indicates that if beef imports 
increase, chicken meat price will increase. The results indicate that if the estimated demand 
system is used for policy analysis, counterintuitive policy results are be generated. The 
counterintuitive results are the motivation for the net substitutability tests. 
The impact multipliers, however, indicate that the model is dynamically stable. The shock 
to the model caused the endogenous variables to move in a satisfactory direction and then to 
return to equilibrium in a cyclical, but stable, pattern. 
Summary and Conclusions 
Chapter 4 has presented the results of the methodology tests, the estimated model, and the 
validation statistics for the model. The Japanese data set was found to accept homogeneity and 
symmetry. Chicken meat was found to be exogenous to the demand system. Fish was found to 
be separable from the rest of the meats in the demand system. The results of both ITSUR and 
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IT3SLS estimations accepted separability. Tests of the perfect substitutability of Wagyu beef and 
import-quality beef indicate that they are not perfect substitutes but that they do exhibit some 
degree of substitutability. Chicken meat and import-quality beef were found to violate net 
substitutability most often. A comparison of the results of the ITSUR and IT3SLS estimations 
indicate that the IT3SLS results may be more useful for policy analysis. The estimates of the 
supply system indicate that producers are more responsive to government prices than to market 
prices. This result is consistent with the livestock policies that have been in place over the 
historical period in Japan. Producers view movements in market prices as temporary rather than 
permanent indicators of future price movements because the government has historically 
intervened to keep market prices within the government price bands. Producers view the 
government support price as the permanent indicator of future price movements. 
Model validation statistics indicate that the Japanese livestock industry is not responsive 
to small changes in the beef import quota, assuming that government producer support policies 
remain in place. This result is as expected because of the lack of response to market prices by 
producers. The dynamic multipliers indicate that chicken meat price moves in a complementary 
manner to an increase in beef imports when the IT3SLS estimates of the demand system are used 
for policy analysis. 
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CHAPTER 5. POLICY SIMULATION RESULTS 
This chapter presents the results of the BMAA, the GATT policy simulations, and complete 
liberalization of Japanese beef imports over the 1988 to 1997 period. For comparative purposes 
a simulation which assumes that the pre-BMAA beef import quota continues over the forecast 
period is included. The liberalization and quota results represent the extremes, or bounds, of the 
changes possible under the policies available to the Japanese government. For example, beef 
imports under liberalization represent the highest level or upper bound on imports for the BMAA 
and the GATT proposal. Under a slowly increasing quota, the level of beef imports represents 
the lowest level, or lower bound, on imports. The BMAA and GATT proposal levels of beef 
imports fall between the liberalization level and the quota level because the BMAA and the 
GATT proposal are designed to smooth the transition from a quota or high tariff equivalent of 
the quota to low or zero tariff levels over a predetermined period. A comparison of the BMAA 
results with the GATT tariff reduction proposal results suggests how a policy that incorporates 
a gradual transition from a quota to a tariff compares to a policy that immediately replaces the 
quota with a tariff. 
First, the policy simulation assumptions of the study are discussed. These assumptions 
include producer responsiveness to changes in government policy and the specific assumptions 
of the BMAA and the GATT proposal policy simulations. Finally, the results of the simulations 
of the alternative policies are presented. 
Policy Simulation Assumptions 
The demand system used for the liberalization, BMAA, GATT tariff reduction, and quota 
simulations uses the parameters that result from the net substitutability tests with restrictions 
imposed upon all meats except fish. These parameters do not exhibit complementarity and 
therefore are appropriate for policy analysis. Projections of the exogenous variables in the model 
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are based upon forecasts made by the Food and Agricultural Policy Research Institute (FAPRI) 
and the WEFA group. 
The liberalization simulation assumes that all government intervention in the Japanese beef 
market is removed in 1988. The quota simulation assumes that the beef import quota increases 
by 9,000 mt per year over the 1988 to 1997 period. The quota simulations also assume that the 
Japanese government stabilization prices for Wagyu beef, dairy beef, and pork remain at 1987 
levels. In reality, however, the actual Wagyu beef and dairy beef stabilization prices have been 
combined into one stabilization price for medium-grade beef, which decreased in 1988. This 
change was not incorporated into the quota simulations because the change reflects the 
implementation of the BMAA policies. Under the BMAA, the GATT tariff reduction proposal 
and liberalization producers response to market and government prices is assumed to change. 
Changes in producer price responsiveness 
Government policy changes, such as liberalization, the BMAA, or the GATT proposal, will 
induce changes in behavior by producers. Producers will no longer view government prices as 
the primary indicator of price movements but will begin to respond to market price movements. 
As the Japanese government lowers the stabilization price for beef in preparation for the change 
to a tariff and the abolishment of the LIPC beef buy/sell program by 1991, producers will see 
movements in market prices as permanent, rather than temporary, indicators of market forces. 
Before 1990, as the beef import quota is increased and the stabilization price of beef is lowered, 
producers may still respond to government prices. But, in 1991, even if the government price 
still exists, producers will respond to market prices because the government price will no longer 
be a reliable indicator of permanent future price movements. In the Japanese livestock model, 
the change from responding to government and market prices to responding to only market prices 
can be incorporated into the breeding herd equations by changing the government price to the 
market price, adjusted by the difference between the market price with a quota and the 
government price. The adjustment is necessary because the government price is generally much 
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less than the market price. The government price is the mean of the stabilization band, and the 
market price tends to be nearer the upper stabilization band. If the difference between the two 
prices is not subtracted out, an immediate increase in the breeding herd size would occur because 
of the change in variables rather than because of market forces. The changeover from responding 
to both the market and government prices to responding only to market prices in the Wagyu 
breeding herd equation increases the elasticity with respect to the market price from 0.008. The 
elasticity with respect to the market price in the dairy breeding herd equation increases from 
0.047 to 0.14 when the changeover from responding to both prices to responding only to the 
market price occurs. 
The BMAA simulation assumptions 
The BMAA policy simulations assume that beef imports increase by 60,000 mt per year 
through 1990, as specified in the agreement. The restrictiveness of the quota is examined in the 
model over the 1988 to 1990 period to determine whether the quota is, in fact, binding. The beef 
import policy changes to a 70 percent import tariff in 1991, which declines to 60 percent in 1992 
and SO percent in 1993. The tariff is assumed to remain at 50 percent through 1997. 
The domestic dairy steer carcass price becomes a function of world beef prices after 1990. 
The LIPC intervention in the Japanese beef market is assumed to be withdrawn at the end of 
1990. The government beef and pork stabilization prices are assumed to drop by 2.5 percent per 
year, which is consistent with the actual stabilization prices announced for 1988 and 1989. Both 
the BMAA and the GATT policy simulations assume that the pork variable levy stabilization 
policies remain intact over the entire forecast period. 
The GATT tariff reduction simulation assumptions 
The GATT simulations assume that the withdrawal of the LIPC from the beef market is 
completed in 1988. The domestic price of dairy beef becomes a function of the world price of 
beef in 1988. The beef import tariff is assumed to be reduced from 1987 levels. However, the 
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adjustment path and time period of the tariff reduction have not been agreed upon by 
negotiators. 
Several alternative adjustment formulas for the tariff are available. Perhaps the most 
intuitive and reasonable from a modeling viewpoint is to reduce the tariff by 1/X of the initial 
tariff level in each year, where X is the number of years over which the tariff is to fall to zero. 
Unfortunately, this concept may not appeal to trade negotiators because the measured level of 
tariffs in each year would depend upon domestic policies and world price levels. Countries are 
not likely to agree to a tariff adjustment system that makes domestic agricultural policy a 
function of potentially volatile world prices. Indeed, the motivation for the protectionist policies 
of many countries is to protect domestic markets from the frequent wild swings in world prices. 
Hence, it seems unlikely that countries will accept a proposal that would immediately transfer this 
volatility to domestic prices and markets, at least until the impact of liberalization had stabilized 
world prices. The agreed-upon adjustment path, therefore, will likely need to allow for annual 
changes in the level of world prices. 
A second alternative is the Swiss formula considered in the Tokyo Round of the GATT 
negotiations (Tangermann, Josling, and Pearson, 1987). This formula can be written as; 
(5.1 ) Tariff^ = a Tariff^.^/Ca + Tariff^.j), 
where Tariff^ = the tariff level that must be achieved in a given year, 
Tariffj.i = the tariff level in the previous year, and 
a = the negotiated coefficient of adjustment. 
The formula allows for annual changes in world price levels. For example, even though a sudden 
drop in world prices in a given year of the agreement would increase the measured tariff for that 
year, the formula automatically adjusts the target tariff upward for the following year. However, 
the nature of the formula guarantees that, for all likely levels of the negotiated coefficient, the 
brunt of the adjustment will be borne in the early years of the agreement. This concept is 
90 
a..6 -^a-l -a-a-5 ^a-50 a-100 
a*.l 
Figure 5.1. Alternative Swiss formula adjustment paths 
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demonstrated for Japanese beef in Figure 5.1, where the tariff adjustment paths for several values 
of a (the adjustment coefficient) are presented. The rapid adjustment of tariffs with this formula 
may be more suited to the industrial trade barriers considered in the Tokyo Round of the GATT 
negotiations than to agriculture. Adjustment costs in agriculture would be relatively high. At 
the same time, the level of protectionism in agriculture is greater now than was the case during 
the Tokyo Round of GATT negotiations. Also, the Swiss formula does not allow for a reduction 
of a given tariff to zero over a given number of years. Unless the value of the adjustment 
coefficient is zero, the value of the tariff will never reach zero. 
The following modification of the Swiss formula that combines the features of the first two 
alternatives is proposed. 
(5.2) Tariff^ = [(R/N)a Tariff».i^]/[(R/N) a + Tariff*./], 
where 
(5.3) Tariff,. A = (Pd^.i -
Ta r i f f , . i s  the  ex -an t i  t a r i f f ,  N  i s  t he  nego t i a t ed  l eng th  o f  t he  ad jus tmen t  pe r iod ,  and  R  i s  t he  
number of years remaining in the agreement. This formula allows for a wide range of adjustment 
paths (as demonstrated in Figure 5.2) for Japanese beef. The advantage of the proposed formula 
is that a target date by which zero trade barriers must be achieved can be stipulated and the 
formula automatically adjusts the tariff to allow for world price movements. As shown in 
Figure 5.3, as the world price decreases or increases, the 1/10 per year constant adjustment 
formula forces all the volatility of world prices to be transmitted to domestic markets. The 
proposed formula, however, buffers the transmission of world price volatility to the domestic 
markets. Domestic price movements are smoothed because the formula automatically adjusts the 
tariff upward when world prices drop to allow for a smaller drop in domestic prices compared 
to the 1/10 constant adjustment formula. When world prices increase, the formula automatically 
lowers the required tariff, allowing a lower domestic price and reducing the volatility of domestic 
prices. 
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Figure S.2. Alternative modified Swiss formula tariff reduction adjustment paths 
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Figure 5.3. Adjustment of domestic prices to random world price movements over a 10-year 
period by using the modiHed Swiss (Pd - MS) and 1/10 per year (Pd - 1/10) tariff 
reduction formulas 
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Under the GATT tariffication proposal, trade barriers are converted to their tariff 
equivalents, which introduces the volatility of world price movements into domestic markets. 
Although the introduction of volatility into domestic markets is a consequence of tariffication, 
the variability of domestic prices can be dampened by using a formula such as the modified 
Swiss, which is designed to buffer the transfer of world price volatility while achieving the goal 
of reducing trade barriers. The advantage of buffering domestic prices is that producers are 
shielded from at least a portion of the swings in world prices, which is presumably one of the 
justifications for protectionist domestic policies. The GATT tariff reduction proposal, using the 
modified Swiss formula, would buffer the transfer of the volatility of world prices to domestic 
prices. 
For the GATT tariff reduction proposal simulations, the modified Swiss formula with 10-
year reduction period was chosen. A value of 10 was arbitrarily chosen for the constant a because 
it approximates the linear reduction of the 1/10 per year reduction of the beef import tariff. 
Policy Simulation Results 
The Japanese livestock industry model is simulated over period from 1988-1997 to predict 
the impacts of liberalization, the BMAA, and the GATT tariff reduction proposal. The quota 
simulations in the following analysis represent a continuation of the beef import policies of the 
Japanese government prior to 1988. The liberalization simulations represent the removal of the 
beef import quota and tariffs in 1988. The BMAA simulations represent the likely outcome of 
implementing the BMAA. The GATT tariff reduction proposal simulations represent a feasible 
alternative to the BMAA currently under consideration in the GATT negotiations as a method 
to reduce trade barriers. The predicted impacts of each of the policies relative to the BMAA can 
be measured as the change from the BMAA results. Alternative measures of the beef import 
tariff and alternative assumptions about the growth rate of total meat expenditures are used to 
examine the sensitivity of the results. 
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The effective world price of beef is important to the measurement of the tariff equivalent 
of the Japanese beef import quota. If the tariff equivalent is measured by using an import price 
that is the average price of all imported beef, the calculated tariff will be artificially low. When 
this artificially low tariff is reduced, as would happen under the BMAA or the GATT tariff 
reduction proposal, the projected impacts will be much less than they would be when a more 
accurate measure of the equivalent tariff is used. The product to be compared at the domestic 
level and at the border will have to be equivalent (i.e., medium grade beef carcasses rather than 
a mix of beef cuts and carcasses) to determine what the true tariff equivalent of the trade barrier 
is. If products that are not identical are compared, the tariff equivalent of the quota and any 
policy results will be distorted. 
This study assumes that the price of medium grade Japanese dairy steer carcasses and the 
beef import unit value, adjusted to a carcass equivalent basis, are the prices of equivalent 
products. The carcass equivalent of the beef import unit value is calculated as the wholesale to 
retail conversion ratio (Table 2.2) times the average beef import unit value. Figure 5.4 presents 
the effective tariff rate for a high tariff (High T), which assumes the beef import unit value is 
converted to its carcass equivalent price, and for a low tariff (Low T), which assumes that the 
unadjusted beef import tariff is used to calculate the tariff. 
The effect upon beef imports under the assumptions of the BMAA of the high and low 
tariff measures is presented in Figure 5.5. The divergence between the simulations is due only 
to the difference in the assumptions about the border price of beef imports. The results appear 
to be sensitive to assumptions about the prices used to calculate the effective beef import tariff. 
The high tariff for imported beef, or lower import unit value, is assumed for the remainder of 
the analysis. 
The sensitivity of the BMAA results to assumptions about the growth rate of total 
expenditures on meat is also examined. Over the 1981 to 1987 period, the average annual growth 
rate of total meat expenditures was about 2.5 percent. Figure 5.6 presents the results under the 
BMAA of assuming a low growth rate (1 percent) and a high growth rate (4 percent) compared 
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Figure 5.4. Effective Japanese beef import tariff under high and low beef import unit value 
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Figure 5.5. BMAA beef imports under high and low tariff rate assumptions 
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Figure 5.6. BMAA beef imports under alternate total meat expenditure growth rate assumptions 
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to the 2.5 percent growth rate, labeled BMAA. The low growth rate assumption results in an 18 
percent lower level of beef imports in 1991 and a 34 percent lower level by 1997. The low 
growth rate levels of beef imports are similar to the low tariff level of beef imports presented in 
Figure 5.4. The high growth rate assumption results in a 16 percent higher level of beef imports 
in 1991 and a 31 percent higher level by 1997. The projected level of beef imports in 1997 
under the high growth rate assumption is 1.612 million mt. The projected level of beef imports 
in 1997 is 1.232 million mt under the 2.5 percent growth rate assumption and 0.921 million mt 
under the 1 percent growth rate assumption. The level of beef imports appears to be sensitive 
to assumptions about the growth rate of total expenditures on meat over the forecast period. The 
2.5 percent rate of growth is assumed for the remainder of the study. 
In 1991 under the BMAA, beef imports are projected to reach 657,000 mt, an increase of 
263,000 mt over 1990 levels. The substantial increase in 1991 in Japanese beef imports represents 
an opportunity for the world's beef exporters to significantly increase their exports to Japan. 
Under the assumption of complete liberalization (LIB), beef imports are projected to increase to 
1.468 million mt in 1988, a 436 percent increase over the BMAA levels (Figure 5.7). By 1997, 
under liberalization, beef imports reach 2.069 million mt, a 68 percent increase over BMAA 
levels. Under the assumptions of the GATT proposal, beef imports increase to 945,000 mt by 
1993 and 2.01 million mt by 1997. The 1997 projection of beef imports under the GATT 
proposal is similar to the level projected under liberalization because both policies assume a zero 
tariff in 1997. The 1997 level under the GATT proposal is slightly lower because of the 
dynamics of and lag in adjustment of the livestock production process. 
The rate of increase and level of beef imports under the GATT proposal are similar to 
the BMAA results through 1994. From 1994 to 1997, the BMAA tariff is assumed to remain at 
the 50 percent level. The level of beef imports under the continuing quota is projected to reach 
295,000 mt by 1997. The BMAA significantly increases beef imports relative to the quota and 
results in beef import levels similar to those projected for the GATT proposal. BMAA beef 
imports, however, are significantly below the levels projected under complete liberalization. 
100 
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Figure 5.7. Beef import levels under liberalization, the BMAA, the GATT proposal, and 
import quota 
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Wagyu steer carcass price drops by 19 percent from 1987 to 1988 under liberalization 
(Figure 5.8). In 1991, Wagyu steer price under liberalization is projected to be 8 percent lower 
than the BMAA level and 19 percent lower than the level projected under the quota. By 1997, 
the gap between the results of the liberalization and BMAA policies narrows to 6 percent and to 
18 percent between liberalization and the quota. 
The projected Wagyu steer carcass price under the BMAA decreases by 8 percent in 1991 
and 11.5 percent by 1997, relative to the projected level under the quota because of the increased 
level of beef imports. In 1991, the GATT proposal results are about 7 percent lower than the 
quota results and about 1 percent higher than the BMAA results because beef imports are slightly 
lower under the GATT proposal. The GATT proposal results by 1997 are about 19 percent lower 
than the quota results and 7 percent lower than the BMAA results. By 1997, the Wagyu steer 
carcass price projections under the GATT proposal and liberalization are nearly the same. 
Under the complete liberalization policy, dairy steer carcass price drops by 68 percent in 
1988 (Figure 5.9). By 1997, dairy steer price under liberalization is projected to be 32 percent 
lower than the BMAA projection and 71 percent lower than the projected price under the quota. 
Dairy steer carcass price under the assumptions of the BMAA is 37 percent lower than the levels 
under the quota in 1991 and 57 percent lower by 1997. Under the assumptions of the GATT 
proposal, dairy steer carcass price is approximately the same as the BMAA result in 1991. 
However, by 1997 the GATT proposal level is almost 200 yen lower than the BMAA results and 
approximately the same as the level under liberalization. 
The adjustment path of dairy steer carcass price (Pd - MS) under the GATT tariff 
reduction proposal using the modified Swiss formula is presented in Figure 5.10. The world beef 
price (Pw) and the calculated dairy steer carcass price for 1/10 per year constant adjustment 
(Pd - 1/10) are also presented. The results are do not demonstrate the buffering effect of the 
proposed modification of the Swiss formula as well as the results for random price changes shown 
in Figure 5.3 because the world beef sector in the model is not well developed and adjusts only 
to changes in Japanese beef imports rather than events in other sectors of the world economy. 
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Figure 5.8. Wagyu steer carcass price under liberalization, the BMAA, the GATT proposal, and 
an import quota 
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Figure 5.9. Dairy steer carcass price under liberalization, the BMAA, the GATT proposal, and 
an import quota 
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Figure 5.10. Dairy steer carcass price adjustment paths for the modified Swiss (Pd, MS) and 1/10 
per year (Pd, 1/10) tariff reduction formulas compared to the world beef price (Pw) 
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The Wagyu breeding herd under the BMAA and GATT proposals decreases by about 11 
percent in 1991 and about 5 percent by 1997 from the levels projected under the quota 
(Figure 5.11). Under the assumptions of the quota, the Wagyu breeding herd increases by 700,000 
head in 1990 because of the projected decrease in feed costs that result from lower grain prices 
and exchange rates. The projected level of the Wagyu breeding herd under liberalization is lower 
than the projected levels under the BMAA or the GATT proposal until 1992. The projected level 
of the Wagyu breeding herd under liberalization, the BMAA, and the GATT proposal are similar 
after 1992. The implementation of the BMAA and the GATT proposal shortens the cycle of the 
Wagyu breeding herd. Under the quota, the breeding herd cycle reaches a low point in 1993. 
Under the BMAA and the GATT proposal, the cycle bottoms out in 1992. Under liberalization 
the cycle bottoms out in 1991. The dynamics of the herd continue under each policy but are 
shifted to the left for the BMAA and the GATT proposal, relative to the quota and still further 
left under liberalization. 
The dairy cattle breeding herd decreases by about 12 percent in 1991 and by about 25 
percent by 1997 under both the BMAA and the GATT proposal relative to the quota results 
because of lower prices (Figure 5.12). The dairy cattle breeding herd, under the assumptions of 
the quota, increases until 1992 because of lower feed costs and continued high milk prices and 
then declines gradually until the end of the forecast period. Under liberalization, the dairy cattle 
breeding herd decreases by 21 percent relative to the BMAA in 1991, but by 1997, the 
liberalization level is less than 5 percent lower than the BMAA result and less than 3 percent 
lower than the GATT proposal projection. 
Wagyu beef supply. Figure 5.13, increases under liberalization, the BMAA, and the GATT 
proposal relative to the quota in 1988 and 1989 as the breeding herd is reduced. In 1991, the 
BMAA and the GATT proposal are about 8 percent below the levels projected under the quota 
in 1991 and about 3 percent below by 1997. The projections under liberalization are 14 percent 
lower than the quota and 6 percent lower than the BMAA. By 1997, the liberalization levels are 
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Figure 5.11. Wagyu cattle breeding herd ending inventories under liberalization, the BMAA, 
the GATT proposal, and an import quota 
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Figure 5.12. Dairy cattle breeding herd ending inventories under liberalization, the BMAA, the 
GATT proposal, and an import quota 
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Figure 5.13. Wagyu beef supply under liberalization, the BMAA, the GATT proposal, and 
import quota 
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S percent lower than the levels under the quota and less than 1 percent lower than the BMAA 
levels. 
Dairy beef supply under liberalization, the BMAA, and the GATT proposal is above the 
levels of the quota through 1992 (Figure 5.14). Dairy beef supply then decreases relative to the 
projections under the quota for the remainder of the period, reaching a level that is about 25 
percent lower in 1997 under the BMAA and the GATT proposal and 48 percent lower under 
liberalization. 
Wagyu beef disappearance under liberalization, the BMAA, and the GATT proposal 
increases in 1988 and 1989, relative to the quota results as beef supply increases (Figure 5.15). 
Both the BMAA and the GATT proposal are about 7 percent lower than the quota results in 1991 
and about 3 percent lower by 1997. The liberalization results in 1991 are 15 percent lower than 
the quota results and 5 percent lower by 1997. 
Import-quality beef disappearance under liberalization increases by 213 percent in 1988 
and continues to increase, reaching a level 90 percent higher than the BMAA results and 225 
percent higher than the quota results in 1991 (Figure 5.16). By 1997, import-quality beef 
disappearance is projected to increase to 1.613 million mt on a retail basis under liberalization. 
The projected level under the BMAA in 1997 is 121 percent higher than the quota but 50 percent 
lower than is projected under liberalization. 
The carcass price of hogs (Figure 5.17) changes relatively little over the 1988 to 1997 
period under all of the policy alternatives because the pork import variable levy is assumed to 
remain in place. Because the changes in hog prices are relatively small, the hog breeding 
inventory, pork supply, and pork consumption do not change significantly. 
Chicken meat supply increases at a steady rate under the quota and remains virtually 
unchanged for liberalization, the BMAA, and the GATT policy. Chicken meat imports and 
disappearance also remain almost unchanged from the levels under the quota. The relative lack 
of responsiveness to changes in beef import policy results from the low cross-price elasticities in 
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Figure 5.14. Dairy beef supply under liberalization, the BMAA, the GATT proposal, and 
import quota 
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Figure 5.15. Wagyu beef disappearance under liberalization, the BMAA, the GATT proposal, 
and an import quota 
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Figure 5.16. Import-quality beef disappearance under liberalization, the BMAA, the GATT 
proposal, and an import quota 
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Figure 5.17. Hog carcass price under liberalization, the BMAA, the GATT proposal, and 
import quota 
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the demand system. The retail price of chicken meat changes little over the period under the 
alternative policies. 
The above policy simulations assume that the Japanese government does not institute other 
policies at the producer level to support producer income. However, given the political influence 
of producers, it is likely that some form of government support policy, such as a producer subsidy 
program designed to maintain producer revenues, will be instituted. 
To measure the government cost of a producer subsidy to Wagyu and dairy producers under 
the BMAA, government intervention at the producer level sufficient to maintain the breeding 
herd inventories at 1988 levels is assumed and compared to the BMAA without the subsidy. The 
projected cost of the program in 1991, 1993, and 1997 is presented in Table 5.1. In 1991, the 
government cost of maintaining the Wagyu breeding herd inventory at 1988 levels is projected 
to be over 35 billion yen. The cost of maintaining the dairy breeding herd at 1988 levels is 
almost 120 billion yen. However, the net cost of the subsidy is a surplus of 169 billion yen. The 
tariff rate in 1991 is 90 percent, 70 percent plus 20 percent, because import increased by more 
than 20 percent over the previous period's level. Production levels are higher in 1991 without 
the subsidy because the breeding herd levels are reduced and sent to slaughter, which increases 
production. The net cost of the subsidy program is a surplus of 149 billion yen in 1993 and a 
surplus of 168 billion yen in 1997. 
The high government cost is because producers are not price responsive. Despite large 
decreases in prices, breeding herd inventories and production change relatively little. Measured 
on a per head or a per ton basis, the cost of the subsidy is projected to be very high because of 
the lack of producer price responsiveness. However, the estimated low producer response may 
not be representative of future producer responsiveness, and the results of the subsidy analysis 
should be viewed with caution. 
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Table 5.1. Production, prices, government costs, beef imports, disappearance, and beef import 
tariff revenues under the BMAA with and without a producer subsidy 
Disappear-
Whole- ance 
Breeding sale Gov't (whole- Tariff 
Herd® Prod.® Price® Cost® Imports sale)® Revenue 
1991 
Wagyu 
1988 levels 656.0 196.0 2079.0 - - 196.0 
With subsidy 656.0 196.0 1897.0 35.67 - 196.0 
Without subsidy 603.0 201.0 1877.0 - - 201.0 
Dairy 
1988 levels 1384.0 377.0 1041.0 - 274.0 651.0 
With subsidy 1384.0 377.0 723.0 119.89 664.0 1041.0 324.99 
Without subsidy 1351.0 382.0 722.0 - 657.0 1039.0 321.40 
1993 
Wagyu 
1988 levels 656.0 196.0 2079.0 - - 196.0 
With subsidy 656.0 196.0 1913.0 32.54 - 196.0 
Without subsidy 585.0 183.0 1960.0 - - 183.0 
Dairy 
1988 levels 1384.0 377.0 1041.0 - 274.0 651.0 
With subsidy 1384.0 377.0 612.0 161.73 954.0 1331.0 343.31 
Without subsidy 1258.0 389.0 611.0 - 945.0 1334.0 339.85 
1997 
Wagyu 
1988 levels 656.0 196.0 2079.0 - - 196.0 
With subsidy 656.0 196.0 2058.0 4.12 - 196.0 
Without subsidy 610.0 185.0 2101.0 - - 185.0 
Dairy 
1988 levels 1384.0 377.0 1041.0 - 274.0 651.0 
With subsidy 1384.0 377.0 599.0 166.63 1186.0 1563.0 338.76 
Without subsidy 1117.0 333.0 601.0 - 1232.0 1565.0 352.63 
=1,000 head. 
*'1,000 mt. 
®Yen/kg. 
^Billion yen. 
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Summary and Conclusions 
This chapter presents the simulation results of the BMAA and the GATT tariff reduction 
proposal. The results of a simulated complete liberalization of Japanese beef imports and a 
continuation of pre-BMAA beef import quota are also presented. The adjustment path of the 
GATT tariff reduction proposal has a potentially large impact upon the Japanese livestock sector. 
If a path that forces the majority of adjustment to occur in the first years of the agreement is 
chosen, the results will be similar to those under complete liberalization. If an adjustment path 
is chosen that delays the majority of adjustment until the latter years of the agreement, the 
incentives to comply with the agreement may have diminished and the terms of the agreement 
may not implemented. The sensitivity of the BMAA results to alternative assumptions about the 
beef import tariff and the growth rate of total expenditures on meat are also examined. 
The measurement of the effective tariff equivalent of the beef import quota was found to 
have a substantial impact on the level of beef imports. If a low tariff equivalent of the quota is 
assumed, beef imports increase at a much slower rate than when a high tariff equivalent is 
assumed because a much lower import unit value is assumed with the high tariff. The comparison 
highlights the importance of comparing the prices of identical products when computing the 
tariff equivalent. 
The assumed growth rate of total meat expenditures has a significant impact upon the level 
of beef imports over, the 1991 to 1997 period of the BMAA. If a high growth rate is assumed, 
beef imports reach a level that is 31 percent higher by 1997 than the level reached when the 
historical growth rate is assumed and 65 percent higher than the level reached when the low 
growth rate is assumed. The growth rate of the Japanese economy will affect total expenditures 
on meat; therefore, the overall performance of the Japanese economy over the 1988 to 1997 
period will have a significant effect upon the final results. 
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The liberalization results represent an upper bound and the quota results represent a lower 
bound upon the possible outcomes of alternative policies. The impacts of the BMAA and the 
GATT tariff reduction represent a gradual transition from the quota to a low or zero tariff. The 
results of the BMAA and the GATT proposal are similar because the adjustment path chosen is 
similar to the tariff equivalent of the quota and the tariff under the BMAA. 
The BMAA results suggest that beef imports will reach 657,000 mt in 1991, an increase of 
263,000 mt over 1990 levels. By 1997, beef imports under the BMAA are projected to reach 
1.232 million mt. The additional tariff provision of the BMAA to increase the beef import tariff 
by 20 percent during the post-transition phase if imports increase by more than 20 percent over 
the previous periods levels is projected to be invoked in 1991, 1992, and 1993. Under the GATT 
tariff reduction proposal, beef imports are projected to reach 2.010 million mt by 1997. BMAA 
and GATT beef imports increase at similar rates through 1994. Under complete liberalization, 
beef imports increase to 1.468 million mt in the first year of the agreement and reach 2.069 
million mt by 1997. Wagyu steer carcass price decreases by about 8 percent relative to the quota 
results under both the BMAA and GATT proposal by 1991. By 1997, the decrease is about 11.5 
percent under the BMAA and about 19 percent under the GATT proposal. Under complete 
liberalization Wagyu steer carcass price is about 8 percent lower than the BMAA results by 1991 
and about 6 percent lower by 1997. 
Under complete liberalization. Dairy steer carcass price drops by 68 percent relative to the 
quota results in the first year of the agreement and by 71 percent by 1997. The BMAA results 
are about 37 percent lower in 1991 relative to the quota results and 57 percent lower by 1997. 
Under the GATT proposal, dairy steer carcass price is approximately the same as the BMAA 
results in 1991. 
Wagyu and dairy beef supply under liberalization, the BMAA, and the GATT proposal 
increase relative to the results under the quota until the early 1990s as the breeding herd 
inventories are reduced. Supplies of Wagyu and dairy beef then decrease relative to the quota 
results. 
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Import-quality beef disappearance increases to a level 121 percent higher than the levels 
projected under the quota, but SO percent lower than the level projected under liberalization. 
The substantial increase in Japanese beef imports in 1991 represents an opportunity for the 
world's beef exporters to significantly increase their exports to Japan. However, the projected 
increase is based upon total meat expenditures continuing to grow at 2.5 percent per year and 
relatively low world beef prices. The actual level of beef imports in 1991 will be different than 
the projected levels because factors that affect these and other underlying assumptions of the 
model will be different in 1991. If Japan's economy does not continue to grow and expand at the 
pace of the 1980s, demand for meat may be lower and beef imports will be lower. Alternatively, 
if Japan's rate of economic growth is faster than is projected, total meat demand may be higher 
and beef imports will be higher. Beef imports and the growth of Japan's economy, as well as the 
world economy, will be affected by the economic policies of Japan and the rest of the world. The 
levels of beef imports and other variables under each of the policies should not be taken as an 
absolute forecast of future levels but rather viewed as a possible outcome to be compared with 
the results of other policies. 
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CHAPTER 6. SUMMARY AND CONCLUSIONS 
This study analyzes the adjustment that will likely occur in Japanese livestock markets as 
a consequence of alternative Japanese beef import policies. A review of the relevant literature 
indicates that Japanese livestock industry models have failed to incorporate the dynamics of the 
livestock production process with a theoretically derived demand system that allows the 
restrictions of demand theory to be imposed and tested. In addition, the potential impacts of the 
BMAA, the GATT tariff reduction proposal, or the complete liberalization of Japanese beef 
import policy upon specific Japanese livestock markets have not been examined. The objective 
of this study is to analyze the impacts of the BMAA, the GATT tariff reduction proposal, and 
the liberalization of Japanese beef imports by developing and estimating a model of the Japanese 
livestock industry. 
Background information on the economic structure and livestock policy environment in 
Japan, presented in Chapter 2, shows that the Wagyu breeding herd has remained relatively 
constant over the historical period, despite government efforts to increase output. The dairy 
cattle breeding herd, however, has steadily increased from SO percent less than the size of the 
Wagyu breeding herd in 1962 to a level that was SO percent greater in 1986. The average retail 
price of beef (representing all beef) has increased SO percent relative to pork price and 60 percent 
relative to chicken meat price. Fish price has remained constant relative to beef price. Per 
capita consumption of Wagyu beef has remained at about 1 kg over the historical period, while 
import-quality beef consumption has increased from less than 1 kg to over 4 kg over the 
historical period. Per capita pork and chicken meat consumption have increased from about 1 
kg in 1962 to almost 10 kg in 1986. Fish consumption has remained relatively constant at about 
30 to 3S kg per capita over the historical period. 
The BMAA is a phased reduction of the Japanese beef import restrictions. During the first 
phase of the agreement, the transition phase, the import quota will increase by 60,000 mt per year 
for three years, beginning in 1988. In the post-transition phase, beginning in 1991, the quota will 
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be removed but will be replaced by a 70 percent tariff. This tariff will be reduced to 60 percent 
in 1992 and to SO percent in 1993. A provision of the agreement allows an additional 20 percent 
tariff to be imposed if beef imports increase by more than 20 percent over the previous period's 
level during the post-transition phase. 
The GATT tariff reduction proposal is based upon the conversion of quantitative and 
nontariff barriers into their tariff equivalents. Tariffication is included in the long-term 
objectives that were agreed upon by negotiators at the Mid-Term Review of the Uruguay Round 
of the GATT negotiations. Converting trade barriers into their tariff equivalents creates a 
common measure useful in analyzing alternative trade liberalization policies. 
The third chapter examines hypotheses about the structure of Japanese meat demand. A 
test to examine the separability of fish from the rest of the meats is developed. A test of the 
hypothesis that Wagyu beef and import-quality beef are perfect substitutes is developed to 
examine issues such as "beef is not beef" in Japan. Methodologies to investigate the net 
substitutability of meats and the endogeneity of prices in the Japanese meat demand system are 
examined. Producer price response in the breeding herd inventory equations is then examined. 
Finally, the complete conceptual Japanese livestock industry model is presented. 
The results of testing the hypotheses explored in Chapter 3 and the results of estimating 
the Japanese livestock industry model are presented in Chapter 4. The Japanese data set is found 
to accept homogeneity and symmetry. Chicken meat is found to be exogenous to the demand 
system. Fish is found to be separable from the rest of the meats in the demand system. The 
results of both ITSUR and IT3SLS estimations accepted separability. Tests of the perfect 
substitutability of Wagyu beef and import-quality beef indicate that they are not perfect 
substitutes but that they do exhibit some degree of substitutability. Chicken meat is found to 
violate net substitutability most often. The estimates of the supply system indicate that producers 
are more responsive to government prices than they are to market prices. This result is consistent 
with the livestock policies that have been in place over the historical period in Japan. Model 
validation statistics indicate that the Japanese livestock industry is not responsive to relatively 
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small changes in the beef import quota, assuming that government producer support policies 
remain in place. This result is as expected because of the lack of response to market prices by 
producers. 
Model validation statistics indicate that the Japanese livestock industry is not responsive 
to small changes in the beef import quota, assuming that government producer support policies 
remain in place. This result is as expected because of the lack of response to market prices by 
Japanese producers. 
Chapter 5 presents the simulation results of the BMAA, the GATT tariff reduction 
proposal, and liberalization of Japanese beef imports. The simulation results of continuing the 
pre-BMAA beef import quota are also presented. The adjustment path of the GATT tariff 
reduction proposal has a potentially large impact upon the Japanese livestock sector. An 
adjustment formula is proposed that buffers the transfer of world price volatility to domestic 
prices, allowing a smoother transition to world price levels and partially protecting domestic 
producers from the variability of world price levels. 
The sensitivity of the BMAA results to alternative assumptions about the beef import tariff 
and the growth rate of total expenditures on meat are also examined. The measurement of the 
effective tariff equivalent of the beef import quota was found to have a substantial impact on the 
level of beef imports. If a low tariff equivalent of the quota is assumed, beef imports increase 
at a much slower rate than they do when a high tariff equivalent is assumed because, with the 
high tariff, a much lower import unit value is assumed. The comparison highlights the 
importance of comparing the prices of identical products when computing the tariff equivalent. 
The assumed growth rate of total meat expenditures has a significant impact upon the level 
of beef imports over the 1991 to 1997 period of the BMAA. If a high growth rate is assumed, 
beef imports reach a level 31 percent higher by 1997 than the level reached when the historical 
growth rate is assumed and 65 percent higher than the level reached when the low growth rate 
is assumed. The growth rate of the Japanese economy will affect total expenditures on meat; 
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therefore, the overall performance of the Japanese economy over the 1988 to 1997 period will 
have a significant effect upon the final results. 
The liberalization results represent an upper bound and the quota results represent a lower 
bound upon the possible outcomes of alternative policies. The impacts of the BMAA and the 
GATT tariff reduction proposal represent a gradual transition from the quota to a low or zero 
tariff. The results of the BMAA and the GATT proposal are similar because the adjustment path 
chosen is similar to the tariff equivalent of the quota and the tariff under the BMAA. 
The BMAA results suggest that beef imports will reach 657,000 mt in 1991, an increase of 
263,000 mt over 1990 levels. By 1997, beef imports under the BMAA are projected to reach 
1.232 million mt. The additional tariff provision of the BMAA to increase the beef import tariff 
by 20 percent during the post-transition phase if imports increase by more than 20 percent over 
the previous periods levels is projected to be invoked in 1991, 1992, and 1993. Under the GATT 
tariff reduction proposal, beef imports are projected to reach 2 million mt by 1997. BMAA and 
GATT beef imports increase at similar rates through 1994. Under complete liberalization, beef 
imports increase to 1.5 million mt in the first year of the agreement and reach 2 million mt by 
1997. 
Wagyu steer carcass price decreases by about 8 percent relative to the quota results under 
both the BMAA and the GATT proposal by 1991. By 1997, the decrease is about 11.5 percent 
under the BMAA and about 19 percent under the GATT proposal. Under complete liberalization 
Wagyu steer carcass price is about 8 percent lower than the BMAA results by 1991 and about 6 
percent lower by 1997. 
Under complete liberalization, dairy steer carcass price drops by 68 percent relative to the 
quota results in the first year of the agreement and by 71 percent by 1997. The BMAA results 
are about 37 percent lower in 1991 relative to the quota results and 57 percent lower by 1997. 
Under the GATT proposal, dairy steer carcass price in 1997 is approximately the same as the 
BMAA results. 
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Wagyu and dairy beef supply under liberalization, the BMAA, and the GATT proposal 
increase relative to the results under the quota until the early 1990s as the breeding herd 
inventories are reduced. Supplies of Wagyu and dairy beef then decrease relative to the quota 
results. Import-quality beef disappearance increases to a level 121 percent higher than the levels 
projected under the quota but SO percent lower than the level projected under liberalization. 
Conclusions 
The analytical results lead to a number of conclusions and implications for modeling and 
policy. The data for the Japanese livestock industry model accepts homogeneity and symmetry 
which implies that the data set is useful for demand studies. Fish was found to be separable 
from the rest of the meats in the demand system, which implies that fish can be excluded from 
the estimation of the demand system. The separability test provides an easily implemented 
methodology to test whether a particular commodity can be excluded from the estimation of an 
LA/AIDS. 
Wagyu beef and import-quality beef are not perfect substitutes, which implies that policies 
that attempt to support the incomes of Wagyu producers by restricting beef imports will not be 
as effective as policies that support Wagyu producers directly, such as a producer subsidy. The 
conclusion that Wagyu beef and import-quality beef are not perfect substitutes also lends some 
credibility to the "beef is not beeP hypothesis, implying that there is some degree of 
substitutability and that Wagyu beef and import-quality beef should not be treated as the same 
good. The perfect substitutability test, while overly restrictive, allows the hypothesis that two 
goods are perfectly substitutable to be tested by using a likelihood ratio test. 
The net substitutability test provides a theoretically based methodology to estimate a set of 
coefficients that satisfy the restriction that all meats are net substitutes, i.e., that none of the 
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meats are complements. The use of these coefficients in a livestock policy model will provide 
results that are consistent and useful to policymakers. 
Because the Japanese livestock industry has been protected by import quotas, tariffs, and 
variable levies since the early 1970s and before, Japanese livestock producers have become more 
responsive to changes in government support prices than to changes in market prices. Producers 
have observed that government efforts to influence producer prices have been successful and that 
the announced government prices are reliable indicators of future price movements. However, 
as government policies change and these support policies are removed, producers will be become 
more responsive to market prices as the producers move from a relatively certain world to an 
uncertain world that competes in world markets. 
The projected level of beef imports under the alternative import policies suggests that the 
potential market for beef in Japan is over 1.6 million mt by 1991 and over 2 million mt by 1997. 
During the transition phase of the BMAA, beef imports are projected to increase to the quota 
level each year. During the post-transition phase, the additional 20 percent tariff provision will 
be invoked. Beef imports are projected to increase by over 67 percent in 1991 under the BMAA 
and to reach 1.232 million mt by 1997. The BMAA and the GATT results are similar until 1994, 
when the BMAA tariff levels off at SO percent. 
The dairy industry in Japan will be greatly affected under the policy alternatives. The 
dairy breeding herd is projected to decrease by about 12 percent in 1991 under the BMAA and 
the GATT proposal and by about 21 percent under liberalization relative to the results under the 
quota because of the substantially lower dairy steer carcass price. 
The Wagyu industry will be affected much less than the dairy industry under the alternative 
policies. The Wagyu breeding herd inventories decrease by about 11 to IS percent in 1991 and 
S to 8 percent by 1997 relative to the levels projected under the continuation of the quota because 
Wagyu producers are relatively unresponsive to price changes. 
The hog and chicken industries will be affected very little by the implementation of the 
alternative policies. The hog industry will be unaffected because the current variable levy is 
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assumed to remain in place. The chicken industry is relatively unaffected because of the low 
cross-price elasticities with the other meats. 
The adjustment path under consideration for reducing trade barriers based upon 
tariffication deserves careful consideration. If a path that forces the majority of adjustment to 
occur in the first years of the agreement is chosen, the results will be similar to those under 
complete liberalization. If an adjustment path is chosen that delays the majority of adjustment 
until the latter years of the agreement, the incentives to comply with the agreement may have 
diminished and the terms of the agreement may not implemented. The formula for tariff 
reduction also deserves careful consideration. World price volatility will be transferred to 
domestic markets under tarifficatlon. An adjustment formula is proposed that buffers the 
transfer of world price volatility to domestic prices, allows a smoother transition to world price 
levels, and partially protects domestic producers from the variability of world price levels, while 
achieving the goal of aligning domestic and world prices. 
Finally, the results of the study are sensitive to assumptions about world price levels and 
the growth rates of total meat expenditures. Consequently, the direction of the change and the 
comparisons in the movements in the variables under the alternative scenarios in this study are 
likely more useful and accurate than the absolute magnitudes of the simulated values of those 
variables. Also, many of the modeling techniques developed here may be useful for the other 
studies of this type that will be necessary during the ongoing GATT negotiations. 
Suggestions for Further Research 
Tariffication and the reduction of the Japanese variable levy on pork may result in greater 
changes in the Japanese livestock industry than will the BMAA. The tariff equivalent of the 
levy, calculated by using domestic prices and import unit values, is relatively small. However, 
the import unit value of pork is affected by importers attempting minimize the variable levy by 
mixing high-value cuts with low-value cuts. A more accurate tariff equivalent of the variable 
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levy, measured by using the yen equivalent of the U.S. wholesale price of pork plus transportation 
costs and the Japanese wholesale price of pork, is almost 200 percent. 
Producer response to changes in government policies, particularly changes in price 
expectations, may need to be examined further. The results of this study indicate that producers 
place more emphasis on government prices than they do on market prices when responding to 
price changes. As trade barriers are removed and producer prices become more variable, 
producers will perceive market price movements as permanent indicators of future price 
movements. Japanese producers will no longer be using a combination of market prices and 
government prices to form their expectations about future prices. Producers will base their price 
expectations upon market price movements. Further examination of producer price expectations 
may lead to a methodology to model the removal of government prices from producer price 
expectations. 
The sources of the complementarity in the estimated demand systems may be explored. 
Factors that affect the supply of one meat may also affect the supplies of other meats in the same 
manner. For example, a drought would affect the supplies of chicken meat in much the same 
manner as it would affect supplies of pork. The effects of the drought would appear as co-
movements in the prices of chicken meat and pork in the demand system. Thus, a complementary 
relationship may be estimated if many such events occurred. 
The use of the proposed modification of the Swiss adjustment formula for tariff reduction 
creates a buffer between world price volatility and domestic prices. An analysis of alternate 
values for the parameters may indicate which adjustment path results in the lowest variance of 
domestic prices while still achieving the goal of reducing the tariff. 
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